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Abstract

Background: Guangdong province is dominated by three cultural regions: Canton, Hakka and Hoklo. However, little
is known about the disease burden within these regions, particularly because different population,environmental and
socioeconomic risk factors might cause different patterns of mortality, disability-adjusted life-years (DALY), life expectancy
and healthy life expectancy (HALE). We aimed to compare the patterns of disease burden in Canton, Hakka and Hoklo
regions between 2005 and 2015.

Method: We calculated the mortality, YLL, YLD for 116 diseases for different cultural regions between 2005 and 2015. We
calculated the DALYs for 116 causes as the sum of YLLs and YLDs. We estimated the life expectancy and HALE by using
sex-specific mortality rates and YLDs for the three cultural regions.

Results: With a respective reduction of 22.3, 15.8 and 17.8% in 2015 compared with 2005, the age-standardized DALY
rates in 2015 was 19,988.0, 14,396.5 and 20,436.6 in Hakka, Canton and Hoklo region. Canton region had a significantly
lower mortality and DALYs in most diseases, followed by Hoklo and Hakka regions. The life expectancy and HALE at birth
were highest in Canton region in both 2005 and 2015, than in Hoklo and Hakka region.

Conclusions: Our findings call for improved public health care via the refinement of policy and effective measures for
disease prevention. Understanding the environmental and culture-related risk factors of diseases in Hoklo and Hakka
regions may help inform public health sectors to reduce the disease burden and the between-region inequality.

Keywords: Burden of disease, Mortality, Disability-adjusted life-years, Healthy life expectancy, Cultural regions, Guangdong

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: 1396320174@qq.com
1Institute of Non-Communicable Disease Control and Prevention,
Guangdong Provincial Center for Disease Control And Prevention, 160
Qunxian Road, Panyu District, Guangzhou, Guangdong, China
Full list of author information is available at the end of the article

Zheng et al. BMC Public Health          (2020) 20:858 
https://doi.org/10.1186/s12889-020-8420-7

http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-020-8420-7&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:1396320174@qq.com


Background
Guangdong is one of the leading developed provinces,
with 108 million permanent residents that account for
8% of the population in China. Compared with other
provinces, Guangdong has 56 ethnic populations, ren-
dering it the most ethnically diverse province in China.
For decades, the Canton, Hakka and Hoklo clans consti-
tute the major Han ethnicity and blend with other ethnic
populations within Guangdong province, shaping their
own culture in each region. Between 2005 and 2015,
Canton, Hakka and Hoklo cultural regions have a re-
spective population ranging from 20 to 26 million, from
10 to 13 million, and from 12 to 13 million, accounting
for nearly half of the population in Guangdong province.
Currently, these cultural regions have different levels of
social and economic development, ordered by Canton,
Hoklo and Hakka regions. In addition, each region has
kept their own living and cultural habits (e.g., drinking
boiled Kongfu tea that led to the high prevalence of
esophageal cancer in Hoklo region). The population,
environmental and socioeconomic differences among
the three cultural regions might have led to different
burden of disease.
Measurement of the changes in population health

across different geographic regions is informative for
identifying the priority for resource allocation to re-
search, policy development and decision making. In the
2016 Global Burden of Diseases study [1], two widely
used summary measures have been applied to monitor
these changes in the population health: disability-
adjusted life-years (DALYs) and healthy life expectancy
(HALE). The DALY measures the health loss due to
both fatal and non-fatal disease burden, by summing the
years-of-life-lost (YLLs) due to premature mortality and
years-of-life lived with disability (YLDs) [2–4]. These
metrics allow for a direct comparison between different
diseases and causes of injury. Conversely, HALE pro-
vides with a single summary measure of population
health across all causes by weighting the years lived with
functional health loss before death [5–8].
Although health challenges during the recent three

decades have been documented in China, little is
known about the regional differences at provincial level,
regarding different population, environmental and so-
cioeconomic risk factors. To our knowledge, this is the
first study of the regional-level burden of disease in
Guangdong, China. We took advantage of the compre-
hensive demographic and epidemiological data sets that
were assembled, including the census, demographic
surveys, the Disease Surveillance Points system, the
Chinese Center for Disease Control and Prevention
Cause of Death Reporting System, and under-reporting
of death survey. To more comprehensively characterize
the data, we applied the China-specific garbage code

redistribution, incompleteness and socioeconomic vari-
ables estimation.
Herein, we examined the age-standardized mortality

and DALY rates for 116 causes of death by stratification
of the time and sex in Canton, Hakka and Hoklo regions
within Guangdong province between 2005 and 2015.
Furthermore, we analyzed the time trends to explore the
cultural region-related patterns of changes, and exam-
ined the cultural region-specific life expectancy based on
a comprehensively updated database.

Methods
We adopted the method established by the Global Burden
of Disease study, previously applied by the WHO and
IHME [9–11]. Briefly, we focused on 116 disease cause-
specific mortality in Canton (Guangzhou, Foshan and
Zhongshan cities), Hakka (Meizhou, Huizhou and Heyuan
cities) and Hoklo (Shantou, Chaozhou and Jieyang cities)
regions (Fig. 1). Data sources were analyzed for county-
level mortality because of the changes in administrative
units. Further calculation of the cultural-region mortality
was conducted based on the county level.

Data sources

1) Death data source for estimation of the all-cause and
specific disease mortality, DALY, life expectancy and
HALE: the main data source for mortality estimates
was derived from the Disease Surveillance Points, the
Chinese Center for Disease Control and Prevention
Cause of Death Reporting System and under-reporting
of death survey at county level between 2005 and 2015
[12, 13]. Death information was mandatory in the
Disease Surveillance Points, the Chinese Center for
Disease Control and Prevention Cause of Death
Reporting System in China. However, owing to the
incompleteness of the death rate, under-reporting of
death survey at county level was conducted between
2005 and 2015. Briefly, the county with an
averaged level of mortality rate, population size
and socioeconomic levels was selected to represent
the city that the county belonged to. The death cases
were surveyed through multiple routine measures,
including the records from the residential committee,
funeral home and police stations. To ascertain the
degree of under-reporting, the information of death
cases was further compared with the registered
information from Chinese Center for Disease Control
and Prevention Cause of Death Reporting System.

2) Covariate data source to estimate the mortality of
children aged under 5 years (under-five mortality,
U5MR) and adults: covariates including the
duration of education, gross domestic product
(GDP), and the rate of urbanization, were derived
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from the population census and National statistical
yearbook between 2005 and 2015. Regarding the
irregular fluctuations, the outlier and deletion of the
covariates at county levels, different models were
employed for provision of the more appropriate
estimation. See Online Supplement for details.

3) Population data source to calculate the age-
standardized mortality with the direct standardization
method, adjusting for the population structure: the
population at county level was derived from census
from 2000 and 2010 using the Leslie model [14].

Regional mortality estimation
The methods we used for regional all-cause mortality
estimation were:

STEP 1: The rate of incompleteness was calculated
based on under-reporting of the death survey.
Complete age- and sex- all-cause mortality at county

level was adjusted with the incompleteness through the
formula of all-cause mortality/ (1-incompleteness) (see
Online Supplement);
STEP 2: Under-five mortality and 15–59-year adult
mortality were calculated, based on the World Health
Organization’s life tables [15];
STEP 3: Derivation of all-cause mortality and 95%
confidence interval at county level was conducted, with
the mixed-effect model that included socioeconomic
variables of the lagged distributed income, the duration
of education, the rate of urbanization, year, under-five
mortality and 15–59-year adult mortality [15–19]. The
quality of all-cause mortality adjusted with the
completeness was deemed eligible for the cultural
region calculation when falling within the 95% confidence
interval, and ineligible when falling outside of the 95%
confidence interval. Ineligible all-cause mortality at county
level would be replaced by the estimation of mixed-effect
model;

Fig. 1 A map of three cultural regions in Guangdong Province
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STEP 4: Qualified mortality rates at the county level
were included in a spatiotemporal locally weighted
smooth regression (S-T LOESS) model, which was
applied to estimate the sex-specific under-five mortality
and 15–59-year adult mortality;
STEP 5: Estimation of age-specific mortality at county
level was applied with the model life tables on under-
five mortality and 15–59-year adult mortality; and was
re-scaled to match the 2015 GBD [8] provincial-level
death numbers. The culture-region-level age-specific
mortality and city-level estimates were obtained from
the re-scaled county-level mortality.

Cause-specific mortality estimation
We identified and re-distributed the ICD codes not
assignable to the underlying causes of death, those with
intermediate causes of death, or those that lacked
specificity (see details of garbage code re-distribution in
Online Supplement).
Crude mortality greater than 3‰ at city levels was

included in cause-specific mortality estimation, or re-
calculated with S-T LOESS model that included the
lagged distributed income, the duration of education, the
rate of urbanization and year as the covariates [15–22].

DALY estimation
We calculated the DALYs by summing the YLLs and
YLDs for each cause, location, age group, sex, and year
[4, 15]. The YLL corresponded to the number of deaths
multiplied by the GBD 2015 reference life expectancy at
the age of death by the cause-specific deaths to calculate
the cause-specific YLLs. Numerous studies reported that
the YLL was to certain extent proportional to YLD in
the diseases which lead to both death and disability.
YLDs of the diseases leading to both death and disability
[23] was calculated based on the proportion for each
cause, location, sex, age and year provided by the GBD
2015 study. YLDs of the diseases leading to disability
only (but not death) were estimated based on the S-T
LOESS model including the covariates of the lagged
distributed income, the duration of education, the rate
of urbanization and the provincial random effects. To
ensure that the sum of YLDs in the lower level of the
cause hierarchy equaled the upper level of the cause
hierarchy, the YLDs were re-scaled to match the
provincial-level YLD numbers in the GBD 2015 study.
The cultural region level sex-specific YLD at different
age-groups and city-level estimates were obtained at
each year. (See Online Supplement).
The census population in 2000 in China was used as the

reference population to calculate the age-standardized
mortality and DALY with the direct standardization
method, adjusting for the population structure. The test of
Cochran-Armitage trend was adopted to examine the

significance of the trends in all-cause and cause-specific
mortality. Poisson regression model was conducted to ex-
plore the associations of deaths with socio-demographic
factors of the year and cultural region.

Life expectancy and healthy life expectancy estimation
Final estimates of age-sex-specific mortality for 2005–
2015 were employed to compute abridged life tables de-
veloped by Sullivan et al. [24]. The same estimates of the
YLDs per person for each location, age, sex, and year from
2005 to 2015 were used to calculate the HALE by the age
group within abridged decrement life tables [25, 26]. For
constructing the life tables, we utilized the estimated age
schedules of mortality and disability. The interval of the
age group used in the life tables was 5 years for an age
group, except for the 0–1 and 1–4 year age groups. In the
life expectancy calculation, the common version of the
Sullivan life table method was applied. In the HALE calcu-
lation, we aimed to take into account the relationship
between disability and the time to death. Annual age- and
sex- specific years of the life adjusted estimates of the rate
of YLD were used as the input to the life table. As the
initial step, we stratified the life table population into sub-
populations according to their age and sex at death (or the
life span). The number of people in the subpopulation
with the life span X equaled to the number who would die
at the age of X according to the life table. Next, for each
population with the same age at death, we estimated the
sex- and age-specific schedule of disability. Finally, we
estimated the sex-age-specific YLD rates for the total life
table population. The total life expectancy and the years
lived with disability rate were calculated for the aggregated
life table population. Life expectancy and HALE at birth
were reported for the three cultural regions.

Results
Trends of change in mortality in different regions
The all-cause age-standardized mortality rates decreased
significantly between 2005 and 2015 in Hakka (586.0 vs.
468.5 per 100,000 population), Canton (449.6 vs. 360.0
per 100,000 population) and Hoklo region (591.8 vs.
453.6 per 100,000 population) (all P < 0.05). Additionally,
we noted significant differences in all-cause age-
standardized mortality among the three cultural regions
(P < 0.05) (Table 1, Fig. 2).
From 2005 to 2015, the mortality of communicable,

maternal, neonatal, and nutritional diseases (CMNN)
decreased by 12.2, 12.5 and 8.6% in Hakka, Canton and
Hoklo region, with the reduction being statistically sig-
nificant in Canton region only (P < 0.05). The CMNN
mortality differed significantly among the three cultural
regions, with Canton being the lowest, followed by
Hoklo and Hakka regions (in terms of tuberculosis,
meningitis, measles, hepatitis and nutritional deficiency).
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Table 1 Age-Standardized mortality rates per 100,000 people for 116 diseases in Hakka, Canton and Hoklo cultural regions, in 2005
and 2015

Cause of death Hakka culture region Canton culture region Hoklo culture region P value
for region
difference

2005 2015 Change 2005 2015 Change 2005 2015 Change

All cause of death 585.96 468.52 −20.04%* 449.56 360.02 −19.92%* 591.81 453.63 −23.35%* < 0.0001#

Communicable, maternal,
neonatal, and nutritional
diseases

37.49 32.91 −12.23% 27.13 23.74 −12.50%# 37.18 33.98 −8.61% < 0.0001#

HIV/AIDS and tuberculosis 9.47 8.90 −6.02% 5.14 4.26 −17.29% 8.44 8.00 −5.18% < 0.0001#

Tuberculosis 8.22 7.21 −12.33% 3.55 2.37 −33.43%* 7.02 6.07 −13.50% < 0.0001#

HIV/AIDS 1.25 1.69 35.48%* 1.59 1.89 18.76%* 1.42 1.93 35.94%* 0.023#

Diarrhoea, lower respiratory
and other common
infectious diseases

18.57 15.69 −15.51% 15.14 12.53 −17.26%* 18.99 16.64 −12.36%* 0.081

Diarrhoeal diseases 2.72 2.00 −26.56% 2.33 1.56 −33.13%* 3.05 2.25 −26.22% 0.012#

Intestinal infectious diseases 1.39 0.87 −36.96%* 1.11 0.80 −27.99% 1.35 0.93 −31.07% 0.047#

Lower respiratory infections 6.20 8.82 42.34%* 5.81 7.49 28.77%* 6.34 9.30 46.72%* 0.029#

Meningitis 4.28 2.39 −44.22%* 3.00 1.58 −47.32%* 4.70 2.63 −44.11%* 0.012#

Measles 2.89 0.91 −68.50%* 2.03 0.54 −73.45%* 2.47 0.77 −68.73%* < 0.0001#

Neglected tropical diseases
and malaria

0.58 0.21 −64.46%* 0.57 0.28 −50.63%* 0.78 0.23 −70.29%* < 0.0001#

Malaria 0.04 0.03 −31.20% 0.04 0.02 −54.96% 0.04 0.03 −27.96% 0.531

Rabies 0.43 0.12 −71.99%* 0.43 0.18 −58.46%* 0.58 0.13 −77.01%* < 0.0001#

Intestinal nematode infections 0.00 0.00 – 0.00 0.00 – 0.00 0.00 – –

Maternal disorders 0.21 0.05 −74.73%* 0.31 0.10 −67.48%* 0.23 0.06 −74.73%* 0.801

Neonatal disorders 5.42 5.87 8.27%* 4.15 5.30 27.69% 5.76 7.05 22.35% 0.084

Nutritional deficiencies 1.11 1.19 7.55%* 0.82 0.82 0.09% 1.07 1.13 6.26%* < 0.002#

Iron-deficiency anaemia 0.01 0.01 −2.44% 0.01 0.01 −16.07% 0.01 0.01 −0.82% 0.828

Other communicable, maternal,
neonatal, and nutritional
diseases

2.14 1.00 −53.14%* 1.00 0.46 −53.99%* 1.92 0.87 −54.73%* < 0.0001#

Sexually transmitted diseases
excluding HIV

0.42 0.21 −49.89%* 0.40 0.12 −70.19%* 0.44 0.23 −48.51%* 0.548

Hepatitis 1.53 0.64 −58.25%* 0.51 0.26 −49.61%* 1.30 0.50 −61.96%* < 0.0001#

Acute hepatitis A 0.31 0.17 −45.87% 0.17 0.09 −49.44%* 0.31 0.15 −50.26%* 0.476

Acute hepatitis B 0.91 0.33 −63.40%* 0.21 0.11 −47.90%* 0.72 0.23 −67.30%* < 0.0001#

Acute hepatitis C 0.12 0.06 −52.82% 0.06 0.02 −65.45% 0.12 0.04 −61.71% 0.253

Non-communicable
diseases

495.43 404.32 −18.39%* 388.94 315.46 −18.89%* 496.41 387.77 −21.88%* < 0.0001#

Neoplasms 141.78 123.89 −12.62% 120.11 98.81 −17.74% 141.52 115.54 −18.36%* < 0.0001#

Esophageal cancer 8.02 7.13 −11.11% 5.92 4.58 −22.57% 7.39 6.01 −18.67% < 0.0001#

Stomach cancer 15.87 14.24 −10.23% 12.34 9.38 −24.02%* 15.64 12.99 −16.93% < 0.0001#

Liver cancer 28.67 23.59 −17.72%* 22.65 16.61 −26.69%* 30.13 22.66 −24.79%* 0.032#

Tracheal, bronchus, and
lung cancer

34.72 26.62 −23.33%* 24.41 20.92 −14.29% 34.12 25.40 −25.55%* < 0.0001#

Breast cancer 4.88 4.57 −6.25% 6.03 4.64 −23.12% 5.22 4.45 −14.73% 0.482

Cervical cancer 1.17 2.15 84.24%* 2.16 3.17 46.65%* 1.30 2.23 72.00%* 0.666

Uterine cancer 1.89 0.89 −53.11%* 1.45 0.59 −59.09%* 1.80 0.85 −52.68%* < 0.0001#

Prostate cancer 0.36 0.36 0.04% 0.34 0.31 −8.77% 0.35 0.33 −4.49% 0.124

Colon and rectum cancer 6.47 8.15 25.93%* 7.63 8.01 5.05%* 6.30 7.27 15.27%* < 0.0001#
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Table 1 Age-Standardized mortality rates per 100,000 people for 116 diseases in Hakka, Canton and Hoklo cultural regions, in 2005
and 2015 (Continued)

Cause of death Hakka culture region Canton culture region Hoklo culture region P value
for region
difference

2005 2015 Change 2005 2015 Change 2005 2015 Change

Nasopharygeal cancer 12.62 9.90 −21.53%* 11.25 7.66 −31.93%* 12.19 8.75 −28.16%* < 0.0001#

Pancreatic cancer 2.67 3.39 26.96%* 3.17 3.24 2.08%* 2.57 3.15 22.55%* < 0.0001#

Ovarian cancer 1.27 1.52 19.18%* 2.05 1.90 −7.71% 1.30 1.46 11.63%* 0.005#

Kidney cancer 1.05 1.17 10.74%* 1.31 1.19 −9.13% 1.00 1.03 2.94%* < 0.0001#

Bladder cancer 1.62 1.06 −34.70%* 1.33 0.77 −42.41%* 1.51 0.90 −40.49% < 0.0001#

Thyroid cancer 0.83 0.69 −16.45% 1.03 0.71 −30.74% 0.92 0.71 −22.48% 0.945

Leukaemia 4.92 4.05 −17.66%* 4.32 3.42 −20.90%* 4.99 3.84 −23.11%* 0.119

Cardiovascular diseases 199.58 170.86 −14.39% 159.57 136.96 −14.17%* 202.06 164.90 −18.39%* < 0.0001#

Rheumatic heart disease 5.80 3.06 −47.17%* 4.10 2.26 −45.03%* 5.89 2.96 −49.83%* 0.007#

Ischaemic heart disease 64.31 63.29 −1.59%* 61.72 60.51 −1.97%* 67.37 62.54 −7.17%* < 0.0001#

Cerebrovascular disease 111.69 85.13 −23.77%* 76.65 54.81 −28.49%* 109.93 79.71 −27.49%* < 0.0001#

Ischaemic stroke 45.92 33.63 −26.75%* 30.69 22.49 −26.72%* 45.24 29.95 −33.80%* < 0.0001#

Haemorrhagic stroke 65.77 51.50 −21.70%* 45.96 32.32 −29.67%* 64.68 49.76 −23.08% < 0.0001#

Hypertensive heart disease 10.07 12.06 19.84%* 11.21 13.71 22.33%* 11.04 12.59 13.99%* 0.086

Cardiomyopathy and
myocarditis

1.59 1.38 −13.75% 0.99 0.88 −11.02% 1.63 1.34 −17.89% 0.351

Atrial fibrillation and flutter 1.34 1.62 21.04%* 1.24 1.45 17.29%* 1.35 1.60 18.19%* 0.036#

Aortic aneurysm 1.16 1.22 5.17% 0.85 0.89 4.90%* 1.17 1.16 −1.46%* 0.034#

Chronic respiratory
diseases

83.27 48.71 −41.51%* 53.79 29.80 −44.61%* 81.17 47.14 −41.93%* < 0.0001#

Chronic obstructive
pulmonary disease

76.91 46.37 −39.72%* 50.90 28.74 −43.53%* 75.36 44.90 −40.43%* < 0.0001#

Asthma 5.97 1.74 −70.80%* 2.68 0.72 −73.25%* 5.42 1.65 −69.52%* < 0.0001#

Cirrhosis 14.46 9.65 −33.24%* 8.35 5.44 −34.90%* 13.84 8.86 −36.03%* < 0.0001#

Cirrhosis due to alcohol use 0.00 0.00 – 0.00 0.00 – 0.00 0.00 – –

Digestive diseases 9.40 6.36 −32.32%* 5.86 3.83 −34.66%* 9.43 6.14 −34.88%* < 0.0001#

Peptic ulcer disease 3.91 2.34 −40.06%* 2.15 1.22 −43.39%* 3.98 2.31 −42.03%* 0.123

Pancreatitis 1.08 0.72 −33.61% 0.81 0.55 −32.98% 1.00 0.62 −37.45% < 0.0001#

Neurological disorders 14.08 16.99 20.65%* 16.29 18.51 13.62%* 14.15 17.03 20.36%* < 0.0001#

Alzheimer’s disease and
other dementias

9.18 11.28 22.96%* 10.56 11.93 13.04%* 9.17 11.31 23.41%* < 0.0001#

Parkinson’s disease 2.82 3.36 19.09%* 3.54 4.28 20.92%* 2.90 3.37 16.07%* 0.014#

Epilepsy 1.50 1.84 22.53%* 1.64 1.82 10.99%* 1.49 1.85 24.31%* 0.025#

Hemicrania 0.00 0.00 – 0.00 0.00 – 0.00 0.00 – –

Mental and substance
use disorders

3.23 2.26 −29.91%* 1.55 1.15 −26.08%* 3.47 2.29 −33.96%* 0.310

Schizophrenia 0.60 0.67 11.19% 0.44 0.46 4.63% 0.65 0.66 1.74% 0.791

Drug use disorders 1.70 1.06 −37.45%* 0.65 0.42 −36.22%* 1.82 1.09 −40.02%* 0.227

Depressive disorder 0.00 0.00 – 0.00 0.00 – 0.00 0.00 –

Infantile autism 0.00 0.00 – 0.00 0.00 – 0.00 0.00 –

Diabetes, urogenital,
blood, and endocrine
diseases

24.05 19.52 −18.82%* 18.40 14.96 −18.73% 24.72 19.14 −22.59% < 0.0001#

Diabetes mellitus 8.64 6.41 −25.76%* 6.05 4.38 −27.70%* 8.65 6.06 −30.02%* < 0.0001#
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Table 1 Age-Standardized mortality rates per 100,000 people for 116 diseases in Hakka, Canton and Hoklo cultural regions, in 2005
and 2015 (Continued)

Cause of death Hakka culture region Canton culture region Hoklo culture region P value
for region
difference

2005 2015 Change 2005 2015 Change 2005 2015 Change

Chronic kidney disease 9.56 8.77 −8.19% 7.95 6.95 −12.52% 10.18 8.88 −12.79%* 0.224

Gynaecological diseases 0.46 0.35 −23.50% 0.36 0.39 7.04%* 0.45 0.34 −23.73% 0.305

Haemoglobinopathies and
haemolytic anaemias

2.54 1.64 −35.39%* 1.88 1.40 −25.51% 2.49 1.54 −37.94% 0.001#

Musculoskeletal disorders 1.09 0.89 −17.82% 1.09 0.85 −22.33%* 1.08 0.84 −22.52% 0.047#

Rheumatoid arthritis 0.43 0.36 −15.99% 0.42 0.34 −18.66% 0.43 0.34 −18.97% 0.146

Osteoarthritis 0.00 0.00 – 0.00 0.00 – 0.00 0.00 –

Low back and neck pain 0.00 0.00 – 0.00 0.00 – 0.00 0.00 –

Low back pain 0.00 0.00 – 0.00 0.00 – 0.00 0.00 –

Neck pain 0.00 0.00 – 0.00 0.00 – 0.00 0.00 –

Other non-communicable
diseases

4.50 5.18 15.07%* 3.93 5.16 31.57% 4.96 5.90 18.88% 0.150

Congenital anomalies 4.26 4.97 16.51%* 3.70 4.91 32.86% 4.68 5.57 19.10% 0.429

Skin and subcutaneous
diseases

0.20 0.16 −20.98% 0.19 0.19 −0.65% 0.24 0.26 8.82% < 0.04#

Sense organ diseases 0.00 0.00 – 0.00 0.00 – 0.00 0.00 –

Oral disorders 0.00 0.00 – 0.00 0.00 – 0.00 0.00 –

Injuries 53.03 31.29 −40.99%* 33.48 20.83 −37.79%* 58.23 31.87 −45.26%* < 0.0001#

Transport injuries 23.03 13.17 −42.81%* 14.21 8.07 −43.17%* 25.68 13.00 −49.37%* < 0.0001#

Road injuries 21.62 12.62 −41.61%* 13.70 7.75 −43.44%* 23.94 12.32 −48.54%* 0.001#

Other transport injuries 1.41 0.55 −61.15%* 0.51 0.33 −35.75%* 1.74 0.68 −60.78%* < 0.0001#

Unintentional injuries 17.58 12.28 −30.17%* 13.62 9.63 −29.30%* 19.69 13.20 −32.97%* < 0.0001#

Falls 4.54 4.05 −10.63% 3.87 3.43 −11.33% 5.09 4.31 −15.22% 0.002#

Drowning 5.17 3.17 −38.55%* 4.23 2.56 −39.48%* 5.78 3.39 −41.31%* < 0.0001#

Fire, heat, and hot
substances

1.29 0.66 −48.48%* 0.80 0.46 −41.83%* 1.45 0.74 −49.38%* 0.009#

Poisonings 2.29 1.38 −40.06%* 1.38 0.83 −39.93%* 2.54 1.46 −42.58%* 0.013#

Intentional injury 12.21 5.76 −52.82%* 5.51 3.06 −44.43%* 12.62 5.59 −55.72%* 0.692

Self-harm 9.17 4.54 −50.53%* 4.33 2.49 −42.55%* 9.51 4.38 −53.96%* 0.682

Interpersonal violence 3.04 1.22 −59.75%* 1.18 0.57 −51.36%* 3.11 1.21 −61.10%* 0.108

Other diarrhea, lower
respiratory and common
infectious disease

1.09 0.70 −36.03%* 0.86 0.57 −34.39%* 1.09 0.77 −29.62%* 0.552

Other neglected tropical
disease

0.11 0.06 −47.25% 0.10 0.09 −15.50% 0.15 0.07 −56.55% 0.088

Other nutritional disease 1.10 1.18 7.64%* 0.81 0.81 0.28% 1.06 1.12 6.32%* < 0.02#

Other hepatitis 0.19 0.08 −57.14%* 0.07 0.04 −41.87% 0.16 0.06 −60.61%* 0.071

Other Communicable,
maternal, neonatal, and
nutritional diseases

0.19 0.15 −19.36% 0.09 0.09 −6.81% 0.18 0.15 −17.00% 0.352

Other cancer 14.75 14.41 −2.29%* 12.71 11.72 −7.82%* 14.79 13.50 −8.71%* < 0.0001#

Other cardiovascular disease 3.62 3.09 −14.54% 2.80 2.45 −12.58% 3.67 3.02 −17.92% < 0.002#

Other chronic respiratory
disease

0.39 0.60 54.58%* 0.21 0.34 56.48%* 0.39 0.59 52.51%* 0.509

Other Cirrhosis 14.46 9.65 −33.24%* 8.35 5.44 −34.90%* 13.84 8.86 −36.03%* < 0.0001#

Other digestive disease 4.41 3.30 −25.15%* 2.89 2.06 −28.62%* 4.45 3.21 −27.92% 0.008#
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In addition, the mortality also differed considerably for
diarrhea, intestinal infectious diseases, and lower respira-
tory infections, with Hoklo the highest, followed by
Hakka and Canton region (Table 1).
We noted the lowest age-standardized mortality of

non-communicable diseases (NCD) between 2005 and
2015 (388.9 vs. 315.5 per 100,000 population) in Canton
region, compared with Hakka (495.4 vs. 404.3 per 100,
000 population) and Hoklo regions (496.4 vs. 387.8 per
100,000 population). The corresponding reduction was
− 18.9, − 18.4% and − 21.9%, respectively (all P < 0.05).
Of all cardiovascular diseases, we observed a consistently
significant reduction in the mortality of rheumatic heart
disease, ischemic heart disease, ischemic stroke and
hemorrhagic stroke in the three cultural regions (all P <
0.05). Additionally, the mortality of cardiovascular dis-
eases of Canton (159.6 vs. 137.0 per 100,000 population)
region was significantly lower than that of Hakka (199.6
vs. 170.9 per 100,000 population) and Hoklo (202.1 vs.
164.8 per 100,000 population) regions in 2005 and 2015.
We noted a marked difference in the mortality of cancer

of all organs among the three cultural regions, except
for breast cancer, cervical cancer, prostate cancer,
thyroid cancer and leukemia. The mortality of cancer
was lowest in Canton region, followed by Hoklo and
Hakka region (P < 0.0001). Notably, we noted a high
mortality for nasopharyngeal, esophageal, tracheal, bron-
chus and lung cancer, liver and stomach cancer in
Hakka and Hoklo regions in both 2005 and 2015. Fur-
thermore, the mortality of chronic respiratory diseases,
cirrhosis, digestive diseases, neurological disorders, men-
tal and substance use disorders, and diabetes mellitus
differed significantly among the three regions. In con-
trast to most of the other NCDs, mortality rates of
neurological disorders were highest in the Canton region
compared with the other two regions (Table 1). Details
of sex-specific mortality and DALY rates are demon-
strated in Online Supplement (E-Tables 1-4).
There was a marked reduction in injury-related

mortality at all cultural regions from 2005 to 2015,
particularly transport injuries, drowning, fire, heat and
hot substances, poisoning and intentional injury. Except

Fig. 2 Age-standardized mortality rate by sex in three cultural regions in Guangdong between 2005 and 2015

Table 1 Age-Standardized mortality rates per 100,000 people for 116 diseases in Hakka, Canton and Hoklo cultural regions, in 2005
and 2015 (Continued)

Cause of death Hakka culture region Canton culture region Hoklo culture region P value
for region
difference

2005 2015 Change 2005 2015 Change 2005 2015 Change

Other neurological disorders 0.58 0.50 −13.09% 0.55 0.47 −14.13% 0.59 0.49 −16.10% 0.682

Other mental and substance
use disorders

0.93 0.53 −42.68%* 0.46 0.27 −40.83%* 0.99 0.53 −46.26%* 0.558

Other diabetes, urogenital,
blood, and endocrine
diseases

2.85 2.34 −17.87% 2.17 1.84 −14.91% 2.95 2.32 −21.49% 0.185#

Other musculoskeletal
disorders

0.65 0.53 −19.03% 0.67 0.51 −24.62%* 0.65 0.49 −24.82% 0.164

Others 0.04 0.06 39.49% 0.03 0.06 72.40% 0.05 0.07 48.52% 0.742

Other unintentional injury 4.30 3.01 −29.94%* 3.35 2.35 −29.80%* 4.83 3.30 −31.68%* 0.014#

Other injury 0.21 0.08 −61.06%* 0.14 0.06 −57.37%* 0.23 0.09 −63.48%* 0.527
#Statistical significance using Poisson regression model for comparison of different culture regions (P < 0.05)
*Statistical significance using the test of Cochran-Armitage trend for year 2005 to 2015 comparison (P < 0.05)
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Fig. 3 Top 25 causes of age-standardized mortality and DALY rates in Hakka culture region in Guangdong province, with the median percentage
change from 2005 to 2015. a Age-standardized mortality; b DALYs: Age-standardized disability-adjusted life-years
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Fig. 4 Top 25 causes of mortality and DALY rates in Canton culture region in Guangdong province, with the median percentage change from
2005 to 2015. a Age-standardized mortality; b DALYs: Age-standardized disability-adjusted life-years
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Fig. 5 Top 25 causes of mortality and DALY rates in Hoklo culture region in Guangdong province, with the median percentage change from
2005 to 2015. a Age-standardized mortality; b DALYs: Age-standardized disability-adjusted life-years
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for intentional injuries, the mortality in the all-cause and
cause-specific injury differed significantly across the
three cultural regions in both 2005 and 2015, especially
road injury [(Hakka (21.6 vs. 12.6 per 100,000 population
in both 2005 and 2015) vs. Canton (13.7 vs. 7.8 per 100,
000 population) vs. Hoklo region (23.9 vs. 12.3 per 100,
000 population)] (Table 1).
There were slight differences in the spectra of the top

10 causes of death among the three regions, with unique
leading causes of death within each region. For instance,
Alzheimer’s disease ranked top 10 in Canton region
only, while chronic kidney disease ranked top 10 in
Hoklo and Hakka regions in 2005. In 2015, Alzheimer’s
disease became the top 7 cause of death in Canton
region, and the ranking of hypertensive heart disease
elevated in all cultural regions. Notably, colorectal
cancer and lower respiratory infections became the
exclusive top 10 cause of death in Canton and Hoklo
region in 2015, respectively (Figs. 3, 4 and 5).
The trends of change of all-cause and cause specific

mortality in males and females in the three cultural
regions were similar to those of the whole study popula-
tion (E-Figure 1-2).

Changes in the leading causes of DALY over time
The total age-standardized DALY rates in 2005 were 25,
738.3, 17,093.9 and 24,871.8 in Hakka, Canton and
Hoklo region, respectively. The corresponding reduction
was 22.3, 15.8 and 17.8% from 2005 to 2015. The DALY
rates for CMNN fell by 4.5, 9.4 and 10.0% in Hakka,
Canton and Hoklo regions, but the reductions of CMNN
in Hakka and Hoklo regions were less remarkable for
the other DALY rates from 2005 to 2015. The propor-
tion of NCDs accounting for all DALY rates increased,
remaining the dominant leading cause of DALY over
time in all cultural regions, while injuries decreased. The
total DALY rates for NCDs and injury were lower in
Canton region than in Hoklo and Hakka regions, be-
tween 2005 and 2015. Despite the overall lowering
DALY rates for CMNN, NCD and injuries, we noted a
major increase in the DALY for some diseases: HIV/
AIDS, lower respiratory infections, cervical cancer, atrial
fibrillation, epilepsy, schizophrenia, Alzheimer’s disease
and dementia, congenital anomalies and sensory organ
diseases in the three regions. The DALY rates of tuber-
culosis, diarrheal diseases, meningitis, measles, neglected
tropical diseases, hepatitis, neonatal disorders, nutri-
tional deficiency and lower respiratory infections were
lower in Canton region than in Hakka and Hoklo
regions. Likewise, the DALY rates of ischemic heart
disease, cerebrovascular diseases, cancers (including
esophageal, nasopharyngeal, esophageal, tracheal, bron-
chus, and lung cancer, liver, uterine, bladder and stom-
ach cancer), chronic respiratory diseases, cirrhosis,

diabetes, injuries and specially mental and substance use
disorders in Hakka and Hoklo regions were significantly
higher than in Canton region (Table 2, Figs. 3, 4 and 5).
The trends of change of the leading cause of DALY

rates in males and females in the three culture regions
were similar to those of the whole study population
(E-Figure 3-4).

Region-specific life expectancy and HALE
Compared with Hakka and Hoklo regions, the life ex-
pectancy at birth was highest in Canton region in both
2005 (74.7 years) and 2015 (76.3 years). The life expect-
ancy increased in both males (72.8 years vs. 74.7 years)
and females (76.8 years vs. 78.2 years) from 2005 to 2015
in Canton region. Also, the HALE increased from 69.0
years to 69.6 years, with increases from 67.4 to 68.3 years
among males and from 70.7 to 71.1 years among females
between 2005 and 2015. The increase of life expectancy
and HALE in Hakka and Hoklo regions was, however,
greater than that in Canton region (Table 3).
From 2005 to 2015, the gap between the life expect-

ancy at birth and HALE increased from 7.9 years to 9.0
years in Hakka region, from 5.8 to 6.7 years in Canton
region, and from 8.2 to 8.8 years in Hoklo region. Similar
increase was noted in males and females between 2005
and 2015 in all cultural regions. In addition, the gap be-
tween the life expectancy at birth and HALE was higher
in females than in males in all culture regions (Table 3).

Discussion
General findings
We have demonstrated the age-standardized mortality,
the rate of DALY, and HALE in Hakka, Canton and
Hoklo cultural regions. The different burden of disease
might have stemmed from the different living habits,
cultural heritage and socioeconomic status.
Key findings included: 1) There was a dominant but

progressively decreased burden of non-communicable
diseases; 2) There was regional and temporal variation in
the age-standardized mortality and DALY rates for the
top causes of death and certain diseases (including tu-
berculosis, cerebrovascular diseases, chronic respiratory
diseases, depressive disorder, injuries, diarrhea and cer-
tain cancers); 3) Some causes (including cerebrovascular
diseases, ischemic heart disease, chronic obstructive
pulmonary disease, lung cancer and road injuries) were
both in the top ten list of mortality and DALYS, while
sensory organ diseases, neck and low back pain, con-
genital anomalies, neonatal disorders, and other mental
and substance use disorders were not in the top ten list
of mortality; 4) The mortality and DALY rates of colo-
rectal cancer, lower respiratory infections, tuberculosis,
Parkinson’s disease and Alzheimer’s disease ranked
higher in the three cultural regions; 5) The life
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Table 2 Age-standardized disability-adjusted life-years (DALY) rate (per 100,000) for 116 diseases in Hakka, Canton and Hoklo culture
regions in 2005 and 2015

All cause of death Hakka culture region Canton culture region Hoklo culture region P value

2005 2015 Change 2005 2015 Change 2005 2015 Change

All cause of death 25,738.30 19,988.00 −22.34* 17,093.90 14,396.50 −15.78* 24,871.80 20,436.60 −17.83* < 0.0001#

Communicable, maternal,
neonatal, and nutritional
diseases

2790.66 2666.13 −4.46* 1990.19 1803.29 −9.39* 2795.57 2515.09 −10.03* < 0.0001#

HIV/AIDS and tuberculosis 330.86 358.49 8.35 196.40 179.54 −8.58* 383.21 388.06 1.27* < 0.0001#

Tuberculosis 288.13 286.30 −0.64* 141.89 106.78 −24.74* 345.39 328.49 −4.89* < 0.0001#

HIV/AIDS 42.73 72.19 68.94* 54.51 72.75 33.46* 37.83 59.57 57.47* < 0.0001#

Diarrhoea, lower respiratory
and other common
infectious diseases

711.32 597.00 −16.07* 531.49 410.33 −22.80* 718.61 541.28 −24.68* 0.062

Diarrhoeal diseases 101.27 90.23 −10.90* 68.42 52.25 −23.63* 80.26 71.07 −11.45* < 0.0001#

Intestinal infectious diseases 13.89 10.00 −28.01* 12.93 9.86 − 23.74* 13.76 8.45 −38.59* 0.724

Lower respiratory infections 164.06 259.81 58.36* 144.61 191.86 32.67* 155.69 229.19 47.21* < 0.0001#

Meningitis 117.92 71.61 −39.27* 72.30 42.32 −41.47* 100.06 58.64 −41.40* < 0.0001#

Measles 172.89 50.61 −70.73* 126.39 30.16 −76.14* 202.08 59.95 −70.33* < 0.0001#

Neglected tropical diseases
and malaria

520.70 400.65 −23.06* 337.72 271.49 −19.61* 417.23 357.02 −14.43* < 0.0001#

Malaria 1.74 1.03 −40.80* 1.83 0.66 −63.93* 1.65 0.89 −46.06* < 0.0001#

Rabies 28.54 6.61 −76.84* 26.22 12.07 −53.97* 19.93 5.70 −71.40* < 0.0001#

Intestinal nematode infections 333.62 298.88 −10.41* 199.42 153.19 −23.18* 256.50 244.64 −4.62* < 0.0001#

Maternal disorders 14.89 5.29 −64.47* 20.99 7.50 −64.27* 14.64 5.02 −65.71* 0.279

Neonatal disorders 614.72 732.54 19.17* 491.65 578.33 17.63* 625.34 654.49 4.66* < 0.0001#

Nutritional deficiencies 474.19 490.59 3.46* 342.68 316.20 −7.73* 499.87 485.01 −2.97* < 0.0001#

Iron-deficiency anaemia 422.28 436.27 3.31* 299.59 274.73 −8.30* 447.77 432.29 −3.46* < 0.0001#

Other communicable,
maternal,neonatal,
and nutritional diseases

123.99 81.57 −34.21* 69.27 39.91 −42.38* 136.67 84.21 −38.38* < 0.0001#

Sexually transmitted
diseases excluding HIV

51.81 31.84 −38.54* 38.54 13.25 −65.62* 56.05 34.00 −39.34* < 0.0001#

Hepatitis 47.47 24.63 −48.11* 20.43 16.04 −21.49* 55.10 27.38 −50.31* < 0.0001#

Acute hepatitis A 11.93 10.25 −14.08* 7.32 5.21 −28.83* 12.38 10.68 −13.73* 0.062

Acute hepatitis B 26.53 10.32 −61.10* 8.40 7.69 −8.45* 32.73 11.99 −63.37* < 0.0001#

Acute hepatitis C 3.17 1.26 −60.25* 1.75 0.57 −67.43* 3.29 1.60 −51.37* < 0.0001#

Non-communicable
diseases

19,758.00 15,582.50 −21.13* 13,383.90 11,525.90 −13.88* 19,227.10 16,256.30 −15.45* < 0.0001#

Neoplasms 3948.53 2891.63 −26.77* 3194.09 2397.33 −24.94* 3941.57 3142.67 −20.27* < 0.0001#

esophageal cancer 183.09 134.50 −26.54* 142.85 99.42 −30.40* 199.78 164.78 −17.52* < 0.0001#

Stomach cancer 405.49 308.33 −23.96* 310.70 214.23 −31.05* 411.30 345.05 −16.11* < 0.0001#

Liver cancer 802.96 551.27 −31.35* 590.71 395.57 −33.03* 763.51 584.75 −23.41* 0.001#

Tracheal, bronchus, and
lung cancer

995.58 626.03 −37.12* 654.80 503.17 −23.16* 1005.01 668.99 −33.43* < 0.0001#

Breast cancer 145.22 121.48 −16.35* 163.21 121.10 −25.80* 135.40 125.60 −7.24* 0.747

Cervical cancer 29.21 52.75 80.59* 48.78 72.70 49.04* 26.22 50.55 92.79* 0.010#

Uterine cancer 44.14 18.29 −58.56* 31.45 9.99 −68.24* 46.82 19.00 −59.42* < 0.0001#

Prostate cancer 8.30 6.82 −17.83 8.20 6.31 −23.05* 8.55 7.84 −8.30 < 0.0001#

Colon and rectum cancer 156.54 169.17 8.07* 187.59 183.46 −2.20* 161.73 194.72 20.40* < 0.0001#
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Table 2 Age-standardized disability-adjusted life-years (DALY) rate (per 100,000) for 116 diseases in Hakka, Canton and Hoklo culture
regions in 2005 and 2015 (Continued)

All cause of death Hakka culture region Canton culture region Hoklo culture region P value

2005 2015 Change 2005 2015 Change 2005 2015 Change

Nasopharygeal cancer 315.14 206.17 −34.58* 286.20 176.43 −38.35* 327.84 239.86 −26.84* < 0.0001#

Pancreatic cancer 58.98 67.11 13.78* 71.78 66.31 −7.62* 61.90 74.10 19.71* < 0.0001#

Ovarian cancer 29.13 32.11 10.23* 45.56 39.85 −12.53 28.77 33.66 17.00* < 0.0001#

Kidney cancer 20.87 19.51 −6.52* 27.22 21.81 −19.88* 22.51 23.18 2.98* < 0.0001#

Bladder cancer 34.62 17.30 −50.03* 28.81 13.64 −52.66* 37.86 21.62 −42.89* < 0.0001#

Thyroid cancer 20.16 13.61 −32.49* 21.45 12.54 −41.54* 18.19 13.46 −26.00* 0.273

Leukaemia 228.80 158.44 −30.75* 194.89 140.81 −27.75* 224.07 165.17 −26.29* < 0.0001#

Cardiovascular diseases 4292.37 3093.99 −27.92* 2908.59 2274.07 −21.82* 4218.82 3249.63 −22.97* < 0.0001#

Rheumatic heart disease 196.97 93.83 −52.36* 104.52 56.33 −46.11* 191.94 97.25 −49.33* 0.029#

Ischaemic heart disease 1372.88 1160.05 −15.50* 1152.25 1032.42 −10.40* 1310.31 1193.98 −8.88* < 0.0001#

Cerebrovascular disease 2321.07 1478.05 −36.32* 1369.14 899.75 −34.28* 2337.35 1599.92 −31.55* < 0.0001#

Ischaemic stroke 962.06 597.31 −37.91* 560.86 392.07 −30.09* 967.38 675.00 −30.22* < 0.0001#

Haemorrhagic stroke 1359.01 880.74 −35.19* 808.29 507.69 −37.19* 1369.97 924.92 −32.49* < 0.0001#

Hypertensive heart disease 171.87 164.18 −4.47* 145.62 154.92 6.39* 155.44 156.60 0.75* < 0.0001#

Cardiomyopathy and
myocarditis

67.02 56.00 −16.44* 31.45 28.65 −8.90* 64.62 55.30 −14.42* 0.001#

Atrial fibrillation and flutter 47.78 56.10 17.41* 35.69 44.47 24.60* 46.92 58.21 24.06* < 0.0001#

Aortic aneurysm 29.87 25.59 −14.33 18.44 17.56 −4.77* 29.29 27.46 −6.25 < 0.0001#

Chronic respiratory
diseases

1637.99 1000.40 −38.93* 904.81 545.24 −39.74* 1656.14 1041.28 −37.13* < 0.0001#

Chronic obstructive
pulmonary disease

1426.92 884.04 −38.05* 835.85 505.83 −39.48* 1449.62 937.06 −35.36* < 0.0001#

Asthma 192.13 89.54 −53.40* 61.23 26.79 −56.25* 188.97 79.16 −58.11* < 0.0001#

Cirrhosis 435.60 249.30 −42.77* 228.36 135.34 −40.73* 455.87 274.54 −39.78* < 0.0001#

Cirrhosis due to alcohol
use

0.75 0.82 9.33* 0.72 0.82 13.89* 0.77 0.88 14.29* 0.014#

Digestive diseases 396.72 278.26 −29.86* 199.95 149.06 −25.45* 384.09 289.64 −24.59* < 0.0001#

Peptic ulcer disease 134.96 73.14 −45.81* 61.65 34.26 −44.43* 129.65 74.93 −42.21* 0.551

Pancreatitis 21.22 12.08 −43.07* 15.88 9.48 − 40.30* 23.23 14.37 −38.14* < 0.0001#

Neurological disorders 736.75 699.57 −5.05* 668.45 631.02 −5.60* 725.72 698.53 −3.75* < 0.0001#

Alzheimer’s disease and
other dementias

159.18 171.88 7.98* 173.57 177.04 2.00* 159.87 174.48 9.14* < 0.0001#

Parkinson’s disease 74.07 70.28 −5.12* 80.65 81.91 1.56* 73.22 71.84 −1.88* < 0.0001#

Epilepsy 67.32 81.31 20.78* 64.49 78.07 21.06* 65.54 80.67 23.09* < 0.0001#

hemicrania 307.23 264.57 −13.89* 240.39 199.87 −16.86* 300.10 259.84 −13.42* < 0.0001#

Mental and substance
use disorders

2731.12 2193.60 −19.68* 1022.46 960.20 −6.09* 2524.35 2177.44 −13.74* < 0.0001#

Schizophrenia 346.57 539.44 55.65* 111.62 207.78 86.15* 303.54 579.32 90.85* < 0.0001#

Drug use disorders 449.50 186.23 −58.57* 62.12 30.01 −51.69* 371.76 159.38 −57.13* < 0.0001#

Depressive disorder 778.66 604.07 −22.42* 287.74 242.16 −15.84* 729.79 566.76 −22.34* < 0.0001#

infantile autism 174.82 135.85 −22.29* 83.89 76.65 −8.63* 162.63 131.51 −19.14* < 0.0001#

Diabetes, urogenital,
blood, and endocrine
diseases

1779.26 1384.84 −22.17* 1075.26 946.26 −12.00* 1665.06 1412.85 −15.15* < 0.0001#

Diabetes mellitus 820.07 558.89 −31.85* 419.41 342.39 −18.36* 772.48 590.16 −23.60* < 0.0001#
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Table 2 Age-standardized disability-adjusted life-years (DALY) rate (per 100,000) for 116 diseases in Hakka, Canton and Hoklo culture
regions in 2005 and 2015 (Continued)

All cause of death Hakka culture region Canton culture region Hoklo culture region P value

2005 2015 Change 2005 2015 Change 2005 2015 Change

Chronic kidney disease 345.98 277.13 −19.90* 234.71 196.45 −16.30* 317.28 273.49 −13.80* < 0.0001#

Gynaecological diseases 153.83 148.49 −3.47* 107.62 99.16 −7.86 * 144.09 150.96 4.77* 0.244

Haemoglobinopathies and
haemolytic
anaemias

283.33 259.98 −8.24* 174.98 179.36 2.50* 260.54 255.86 −1.80* < 0.0001#

Musculoskeletal disorders 1694.31 1616.82 −4.57* 1481.89 1512.38 2.06* 1657.90 1760.05 6.16* < 0.0001#

Rheumatoid arthritis 56.21 61.70 9.77* 46.44 55.64 19.81* 55.89 73.18 30.94* < 0.0001#

Osteoarthritis 147.59 182.70 23.79* 126.18 165.03 30.79* 153.44 205.27 33.78* < 0.0001#

Low back and neck pain 1068.61 1010.80 −5.41* 1019.89 1029.16 0.91* 1096.16 1155.43 5.41* < 0.0001#

Low back pain 569.02 533.84 −6.18* 548.66 555.13 1.18* 583.39 611.18 4.76* < 0.0001#

Neck pain 499.60 476.95 −4.53* 471.23 474.03 0.59* 512.77 544.25 6.14* < 0.0001#

Other non-communicable
diseases

2105.39 2174.14 3.27* 1700.02 1974.99 16.17* 1997.56 2209.71 10.62* < 0.0001#

Congenital anomalies 584.40 672.16 15.02* 446.03 622.86 39.65* 547.95 676.35 23.43* < 0.0001#

Skin and subcutaneous
diseases

542.34 471.68 −13.03* 310.09 274.66 −11.43* 435.85 384.40 −11.80* < 0.0001#

Sense organ diseases 795.19 848.91 6.76* 704.87 808.17 14.66* 834.64 956.11 14.55* < 0.0001#

Oral disorders 179.49 175.50 −2.22* 140.20 152.86 9.03* 175.63 187.98 7.03* < 0.0001#

Injuries 3189.58 1739.29 −45.47* 1719.80 1067.36 −37.94* 2849.14 1665.14 −41.56* < 0.0001#

Transport injuries 1362.87 692.02 −49.22* 734.36 417.83 −43.10* 1201.41 688.81 −42.67* < 0.0001#

Road injuries 1262.68 650.63 −48.47* 709.54 398.92 −43.78* 1121.45 657.52 −41.37* < 0.0001#

Other transport injuries 100.19 41.39 −58.69* 24.82 18.91 −23.81* 79.97 31.29 −60.87* < 0.0001#

Unintentional injuries 1206.87 796.01 −34.04* 760.03 537.22 −29.32* 1050.09 721.60 −31.28* < 0.0001#

Falls 351.26 288.25 −17.94* 237.65 208.51 −12.26* 306.90 269.26 −12.26* < 0.0001#

Drowning 284.75 153.98 −45.92* 196.80 107.00 −45.63* 247.19 135.73 −45.09* < 0.0001#

Fire, heat, and hot substances 84.61 40.09 −52.62* 37.98 21.51 −43.36* 71.74 33.44 −53.39* < 0.0001#

Poisonings 108.29 49.18 −54.58* 49.20 23.83 −51.57* 93.20 43.87 −52.93* < 0.0001#

Intentional injury 604.52 245.09 −59.46* 217.08 108.35 −50.09* 583.96 248.85 −57.39* < 0.0001#

Self-harm and interpersonal
violence

412.28 167.03 −59.49* 150.58 74.45 −50.56* 396.15 170.64 −56.93* < 0.0001#

Interpersonal violence 192.24 78.05 −59.40* 66.50 33.90 −49.02* 187.81 78.22 −58.35* < 0.0001#

Other diarrhea, lower
respiratory and common
infectious disease

141.29 114.75 −18.78* 106.84 83.87 −21.50* 166.76 113.99 −31.64* < 0.0001#

Other neglected tropical
disease

156.80 94.13 −39.97* 110.26 105.57 −4.25* 139.16 105.79 −23.98* < 0.0001#

Other nutritional disease 51.91 54.32 4.64* 43.09 41.47 −3.76* 52.11 52.72 1.17* < 0.0001#

Other hepatitis 5.84 2.79 −52.23* 2.97 2.57 −13.47* 6.70 3.12 −53.43* < 0.0001#

Other Communicable,
maternal, neonatal,
and nutritional diseases

24.70 25.10 1.62* 10.30 10.62 3.11* 25.53 22.83 −10.58* < 0.0001#

Other cancer 470.29 388.74 −17.34 379.87 319.99 −15.76* 462.12 410.32 −11.21 < 0.0001#

Other cardiovascular
disease

84.91 60.18 −29.12* 51.47 39.97 −22.34* 82.94 60.89 −26.59* < 0.0001#

Other chronic respiratory
disease

18.93 26.83 41.73* 7.73 12.62 63.26* 17.56 25.06 42.71* < 0.0001#

Oother Cirrhosis 434.85 248.48 −42.86* 227.64 134.52 −40.91* 455.10 273.65 −39.87* < 0.0001#
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expectancy and HALE at birth were highest in Canton
in both 2005 and 2015. Additionally, we noted greater
gaps between the life expectancy at birth and HALE in
the three cultural regions in 2015 than in 2005.

Interpretation of findings
Canton, Hoklo and Hakka are three main cultural re-
gions, with nearly half of the population in Guangdong
province. The lowest mortality and DALY rates with the
highest life expectancy and HALE were observed in
Canton region, followed by Hoklo and Hakka regions.
Canton is the coastal region with developed metropolis
such as Guangzhou and Foshan where economic re-
forms initially took place, whereas Hakka is the moun-
tainous region and Hoklo is another coastal region with
significantly less developed cities and counties.
The three cultural regions shared the same top five

leading causes of death including cerebrovascular disease,
ischemic heart disease, COPD, lung cancer and liver cancer
as the whole country [12]. In addition, we noted a substan-
tial contribution of Alzheimer’s disease, colorectal cancer,
nasopharyngeal cancer and lower respiratory disease in
these cultural regions, raising the importance of disease
control and prevention in Guangdong.

Communicable, maternal, neonatal, and nutritional
diseases
Previous studies have reported the experience in disease
control and prevention in Canton region and part of
Hoklo region [27–35], including comprehensive surveil-
lance network, universal immunization, establishment of
the rapid response and a preparedness team, closure of
the live poultry market and intensified government
control for Dengue fever. These efforts might have

collectively contributed to the major reduction in mor-
bidity of infectious diseases. Similar to the pattern of
change in all-cause mortality, the lowest mortality and
DALY of CMNN were noted in Canton region, followed
by Hoklo and Hakka regions. We noted the lowest bur-
den of diarrhea, intestinal and lower respiratory infec-
tious diseases in Canton region, which might due to
better sanitary conditions than in the other regions. In
addition, some epidemiological studies showed that the
population in Hoklo region has developed special habits
of ingestion of raw salted shellfish, oyster and fish. These
might have led to the high DALY and mortality rates of
diarrhea and intestinal infectious diseases due to the in-
sufficient heating during preparation [36, 37].

Table 3 Region- and sex-specific life expectancy and healthy
life expectancy at birth in 2005 and 2015

Year Sex Parameter Region

Hakka Canton Hoklo

2005 All life expectancy 72.00 74.74 71.79

healthy life expectancy 64.10 68.95 63.64

Male life expectancy 69.49 72.83 69.30

healthy life expectancy 62.00 67.35 61.64

Female life expectancy 74.89 76.79 74.62

healthy life expectancy 66.55 70.71 65.93

2015 All life expectancy 74.24 76.34 74.38

healthy life expectancy 65.21 69.60 65.58

Male life expectancy 71.96 74.65 72.17

healthy life expectancy 63.23 68.29 63.71

Female life expectancy 77.05 78.22 76.97

healthy life expectancy 67.65 71.09 67.78

Table 2 Age-standardized disability-adjusted life-years (DALY) rate (per 100,000) for 116 diseases in Hakka, Canton and Hoklo culture
regions in 2005 and 2015 (Continued)

All cause of death Hakka culture region Canton culture region Hoklo culture region P value

2005 2015 Change 2005 2015 Change 2005 2015 Change

Other digestive disease 240.54 193.04 −19.75* 122.43 105.32 −13.98* 231.21 200.34 −13.35* < 0.0001#

Other Neurological
disorders

128.95 111.54 −13.50* 109.35 94.14 −13.91* 126.99 111.71 −12.03* < 0.0001#

Other mental and
substance use disorders

981.56 728.01 −25.83* 477.09 403.61 −15.40* 956.63 740.48 −22.59* < 0.0001#

Other diabetes, urogenital,
blood, and endocrine
diseases

176.05 140.34 −20.28* 138.54 128.90 −6.96 170.67 142.38 −16.58* 0.007#

Other Musculoskeletal
disorders

421.90 361.62 −14.29 289.38 262.56 −9.27* 352.41 326.18 −7.44 < 0.0001#

Others 3.97 5.89 48.36* 98.84 116.44 17.81 3.49 4.87 39.54* < 0.0001#

Other unintentional injury 377.97 264.52 −30.02* 238.41 176.36 −26.03* 331.06 239.31 −27.71* < 0.0001#

Other injury 15.32 6.18 −59.66* 8.33 3.96 −52.46* 13.68 5.88 −57.02* < 0.0001#

*Statistical significance using the test of Cochran-Armitage trend for year 2005 to 2015 comparison (P < 0.05); #statistical significance using Poisson regression
model for comparison of different culture regions (P < 0.05)
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Cardiovascular diseases
Cardiovascular disease remained the leading cause of
mortality and DALY (lowest in Canton, followed by
Hoklo, and Hakka regions). Similar to the 2013 China
GBD study [12], cerebrovascular disease mortality re-
mains the leading cause of premature mortality in China
including Guangdong province. Notably, in 2015 cere-
brovascular disease was the top leading cause of death in
both Hoklo and Hakka regions, and was the top second
in Canton region. Hypertension, alcohol drinking, smok-
ing, westernization of dietary patterns and physical in-
activity, which led to high systolic blood pressure, total
cholesterol, and fasting plasma glucose, are the main de-
terminants of the high cerebrovascular disease burden in
China [38–40]. Based on the national non-communicable
disease and nutrition survey in different disease surveil-
lance points, the rate of alcohol drinking, smoking, so-
dium and oil consumption was lowest in Canton, followed
by Hoklo and Hakka regions. This could partially explain
the difference in mortality and DALY patterns of cerebro-
vascular disease [41, 42]. A systematic review suggested
that hypertension wais the main determinant of the high
cerebrovascular disease burden in China [39]. Treatment
for hypertension is therefore a key strategy for controlling
cerebrovascular disease [43]. The difference among the
three cultural regions in the mortality of hypertensive
heart diseases was not statistically significant, which was
frequently related to the mortality of cerebrovascular
diseases. The negative correlation with the income per
capita (which was associated with better knowledge and
awareness among the residents) might help partially
explain for the regional differences in cerebrovascular
disease mortality.

Cancer
Cancer mortality and DALYs rates decreased in the three
cultural regions. The better health care condition and
treatment accessibility could help explain the lower mor-
tality and DALY of liver, esophageal, stomach and tra-
cheal, bronchial and lung cancer in Canton region.
Moreover, our findings are not simply a function of
socioeconomic development. The decreased burden of
cancer might be attributed to the effective strategies and
measures. Primary prevention with smoking cessation and
alcohol drinking reduction campaigns could be related to
the changes in lung, oesophageal, liver, and stomach can-
cer prevalence [44, 45]. Hepatitis B virus and hepatitis C
virus have been well recognized as the predisposing factor
to liver cancer. Novel effective treatments for hepatitis C
have been introduced for reducing liver cancer mortality
in China [46, 47], which might contribute to a further de-
crease in the disease burden in the future. The extensive
coverage of hepatitis B vaccination has contributed to the
reduced liver cancer mortality and DALY [12]. Screening

and eradication of Helicobacter pylori infection is recom-
mended in China for the susceptible population (who are
at risk of having gastric cancer) [48], which might contrib-
ute to the decreased mortality of gastric cancer. Given that
the sum of cervical and uterine cancer mortality remained
rather constant between 2005 and 2015, the changes in
death certification and/or the cause of death coding prac-
tices could have led to the increased mortality from cer-
vical cancer, which was accompanied by a decrease in
uterine cancer mortality.
In addition, some regional factors could not be

neglected when taking the substantial burden of cancer
into consideration. The high prevalence of Epstein-Barr
virus infection could have consistently accounted for
nasopharyngeal cancer [49] in the three cultural regions.
In particular, we noted a higher disease burden of
nasopharyngeal, esophageal and stomach cancer in
Hoklo region than in Canton region. This could be re-
lated to the preference for liquor drinking, hot tea drink-
ing, and fermented fish sauce ingestion in Hoklo region
[50–53]. According to previous surveillance reports, the
prevalence of esophageal cancer was relatively high in
Hoklo and Hakka regions and Nan-an county (Fujian
province). In our study, the mortality and DALYs of
nasopharyngeal, esophageal and stomach cancer were
highest in Hakka region, which has been neglected for
years. The risk factors (high consumption of pickled veg-
etables, processed meat and spirits, and a family history)
might have collectively contributed to the high preva-
lence and mortality in Hakka region [54]. However, the
mortality and DALYs of cervical, colorectal and pancre-
atic cancer consistently increased in all three cultural re-
gions, calling for continuous surveillance and effective
intervention to reduce the disease burden.

Other NCDs
Increased DALYs could be observed in some NCDs in-
cluding sensory organ diseases, neck and low back
pain, congenital anomalies, neonatal disorders and
other mental and substance use disorders in the three
cultural region. Likewise, DALYs of these diseases in
Canton region were lower than in the other regions,
highlighting the finding that higher socioeconomic
status may lead to a greater input and convenient ac-
cessibility to health care resources. Despite the pro-
gress in increasing the life expectancy that contributed
to the reduction of YLLs, there remain some issues re-
lated to the mitigation of the risks of YLDs which only
occurred in some NCDs including sensory organ dis-
eases, neck and low back pain, congenital anomalies,
neonatal disorders. There is also a need to focus on
shortening the duration of the functional health loss
among the ageing population in different cultural
regions with different population, environmental and
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socioeconomic characteristics. The persisting high in-
cidence and prevalence highlights the importance of
our findings, both in terms of the amelioration of suf-
fering and the reduction of health-care costs. More
emphasis should be paid to the prevention of disabling
illnesses and mitigation of the adverse effects.

Injuries
There was a remarkable reduction in transport injury,
unintentional injury and intentional injury. Similar to previ-
ous studies, the mortality of transport and unintentional in-
jury in more developed regions (Canton) was lower than in
the less developed regions (Hakka and Hoklo) [12, 55, 56].
Effective and low-cost strategies including comprehensive
education, seat belts and helmet use for motor cyclists, traf-
fic separation, traffic calming and drunk driving interven-
tions, and legislation coverage for injury prevention have
been implemented in Canton region, which could have
provided substantial benefits for the lower transport and
unintentional injury burden [57–59].

Life expectancy and HALE
Overall, our findings mirrored the findings of the 2016
GBD study, which reported that countries with lower
socio-demographic Index (SDI) had higher mortality and
lower life expectancy than those with higher SDI [1, 25].
Because the age-standardized mortality is decreasing
whereas the life expectancy is increasing globally, it is
important to estimate the quality of the years of life
gained because this may offer the basis for planning
health care policy to all citizens. Population in Canton
region could have a greater access to health care and
other non-health-specific interventions including poverty
alleviation, education and family planning [24]. An in-
crease in the total years of functional health lost (the life
expectancy minus HALE) might indicate a reduction in
mortality or a rise in morbidity. Furthermore, there was
a greater reduction in mortality and progressive reduc-
tion in morbidity that resulted in a greater increase in
the life expectancy and a less prominent increase in
HALE.

Limitations and strengths
There are notable limitations of our study. First, the esti-
mates remained conservative because of the limited co-
variates included in the model specification and model
parameter estimation, although the incompleteness was
also calculated. Second, the quality of certification and
coding as assessed through the fraction of garbage codes
varied substantially across the regions (highest in Hoklo
region, followed by Hakka and Canton regions). This in-
dicated the imbalanced quality of death registration in
each region. Third, there existed considerable differences
for the estimates of certain types of cancer from

different sources of data. Fourth, the relationship be-
tween DALY, HALE, mortality and culture region can-
not be used for causal inference. Fifth, the YLDs were
calculated using different methods based on diseases
leading to both death and disability, or only leading to
disability because data sources of prevalence and disabil-
ity weights in China are still lacking. This could not
comprehensively reflect the local conditions. Finally, the
national census population in 2000 was used as the ref-
erence population to calculate the age-standardized
mortality and DALY rates in this study, which hinder
comparability with other regions and countries.
Nonetheless, our study findings remained robust.

Between 2005 and 2015, the data quality in the three
cultural regions has been improved significantly through
the following efforts: systematic training of health care
staffs, better cooperation among different governmental
departments, better death report and surveillance, and
the redistribution of garbage codes that followed the
methods proposed by the WHO. Although the magni-
tude of quality improvement was different among the
three cultural regions, the mortality, DALY, life expect-
ancy and HALE approximated to the true estimates to
the regional differences.

Public health implications
In light of the greater life span, the postponement of the
retirement age has led to multiple health issues includ-
ing sensory organ diseases, and neck and low back pain.
In addition, a lack of progress in reducing the DALYs,
accompanied by congenital anomalies, neonatal disor-
ders, neoplasm and cardiovascular diseases, necessitates
a careful planning by the governments and health-care
providers to ensure an adequate funding and staffs for
disease prevention, treatment and rehabilitation services.
Despite more spending on health in Canton region, the
expenditure remains insufficient, calling for consolidated
funding to support additional health care services. In
addition, the remarkable burden of mental and substance
use disorders, highlighting the importance of considering
psychosocial problems which are readily overlooked.
Canton region has achieved greater success in redu-

cing the disease mortality and DALYs. This could reflect
the establishment of rapid response and a preparedness
team, intensified government control of infectious dis-
eases and comprehensive interventions for NCD control
and prevention. Greater efforts should be endeavored to
improve the primary prevention through avoidance of
the known risk factors and sustained surveillance, and
secondary prevention through early detection, treatment
and affordable screening for precancerous lesions [60].
However, intervention to reduce the burden of local
high-mortality diseases (i.e., diarrhea, infectious diseases,
nasopharyngeal cancer) in Hoklo and Hakka regions is
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warranted in light of the unique environmental and cul-
tural factors (e.g. eating habit). Collectively, understand-
ing the regional discrepancies and similarities in disease
burden may help provide not only interventions at the
individual level, but also policy development at the gov-
ernmental level.

Conclusion
We have revealed the burden of disease in three main
cultural regions during a 10-year period in Guangdong
province. Understanding the environmental and cultural
risk factors for local diseases might provide insights into
the future public health measures to lower the disease
burden.
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