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Objectives: This study determined time trend and proportion of death under the 
age of 70 years due to Diabetes mellitus (DM) at the mountainous Lang Son province.  

Methods: We accessed a database of population-based mortality registration of 
the Lang Son province to derive 426 MD cases during 2005-2018. The variables of 
each case included patient ID, age, sex, date, and the underlying cause of death. Age-
standardized rate per 100,000 person-years using the WHO standard population (ASR) 
and the adjusted mortality rate ratio and 95% confidence interval (MRR, 95%CI) were 
estimated. 

Findings: When combined all cases from 2005-2018, the ASR rate per 100,000 
person-years was 5.8 in both genders, 9.4 in men and 2.7 in women. The mortality 
rate increased significantly over the period for men but not in women, with a per-year 
increment mortality rate ratio MRR (95%CI): 1.041 (1.014, 1.069), p=0.003, and MRR 
(95%CI): 1.011 (0.967, 1.057), p=0.619, respectively. A proportion of premature deaths 
under the age of 70 years was about three-fourth. 

Conclusions: The findings warrant further studies and support to vulnerable 
people in remote areas to prevent premature mortality due to this preventable disease.

Introduction
Diabetes Mellitus (DM) is a chronic disease with multiple 

complications that contribute to serious illnesses such as 
cardiovascular disease, kidney disease, eye disease, nerve damage, 
and lower limb amputation. Reports from the International 
Diabetes Federation (IDF) in 2019 show that approximately 463 
million people are living with DM, of which 79% of people live in  

 
low and middle-income countries [1]. The prevalence of DM tends 
to increase continuously in the future and is estimated to reach 
7.7% and 439 million adults by 2030 [2]. Approximately 75 % of 
people with DM and 81% of people with DM who are undiagnosed 
live in low and middle-income countries [3]. In addition to serious 
complications, people with DM also have a higher risk of morbidity 
and mortality than the general population. As reported from IDF 
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in 2015, it was estimated that five million deaths were caused due 
to DM [4]. According to the World Health Organization (WHO), 
DM was the seventh leading cause of death and directly caused an 
estimated 1.6 million deaths in 2016 [5]. Consistent with the global 
trend, in Viet Nam, the prevalence of DM has estimated to be nearly 
doubled over the past 10 years [6]. 

A national survey in 2012 showed that the prevalence of DM and 
prediabetes were 5.4% and 13.7%, respectively [7]. Another study 
of Ngoc Minh Pham in Thai Nguyen province which was conducted 
from 2011 to 2013 reported standardized prevalence rates of 
diabetes and prediabetes were 6.0% and 13.5%, respectively [8]. 
Pham also estimated that by 2035, these figures will respectively 
be 7.0% and 15.7%. It was estimated that in 2015, about 3.5 million 
adults aged 20–79 years had DM, and it was responsible for 53,400 
deaths [6]. These findings suggest an increasing trend in the 
diabetic population in Viet Nam and the burden for medical care 
of the country. However, the data on population-based mortality 
due to DM has not been available to date in Viet Nam. Mortality is 
an important measure to assess the burden of DM and also a vital 
aspect in interventions and treatment of DM. To the best of our 
knowledge, data of diabetes from a population-based mortality 
registration is limited, suggesting further studies for more accurate 
estimates in Viet Nam. Additionally, there is a rapid increase in 
diabetes prevalence in rural populations worldwide in recent years 
[9]. 

Nonetheless, even though two-thirds of the population live in 
rural areas [10], researches on this issue in Viet Nam is still lacking. 
Lang Son is a mountainous province in the northeastern part of 
Viet Nam, with a population of over 768,700 in 2016, of which 
nearly 80% live in rural areas. There are seven major ethnic groups, 

with only 16.5% being Kinh and the remainder designated ethnic 
minorities [11]. Ethnic minorities living in rural and mountainous 
areas often face difficulties in accessing health care services as 
well as paying for diabetes treatment, which enhances the risk of 
mortality due to diabetes complications. This study determined 
time trend and proportion of death under the age of 70 years due to 
DM at the mountainous Lang Son province.

Materials and Methods
We accessed a database of population-based mortality 

registration of the Lang Son province to derive 426 MD cases 
(ICD-10: E10-E14, 317 men and 109 women) during 2005-2018. 
Variables of each case included patient ID, age, sex, date, and the 
underlying cause of death with ICD-10 coding for each year, and the 
yearly average population by sex and age[12,13]. 

Study Population and Setting

Lang Son is located in the Northeast of Viet Nam, far about 
154 km from the Hanoi capital. While the Northern-Eastern region 
borders to China, the rest of Lang Son province borders to five 
other provinces belonging to Viet Nam, including Cao Bang, Bac 
Can, Thai Nguyen, Bac Giang, and Quang Ninh [14], (Figure 1). The 
primary purpose of the population-based mortality registration 
was conducted in the whole country at 64 provinces/cities to count 
cancer mortality during 2005-2006 in Viet Nam including Lang Son 
province [15,16], thereafter, the work was done every year and we 
conducted a validation study on the quality of data of mortality 
registration of the completeness and accuracy due to injury and all 
causes [17,18]. From 2005 to 2018, the mega-database of 49,253 
deaths due to all causes including 426 DM deaths with case ID, age, 
sex, date, and the underlying cause of death with ICD-10 coding for 
each year was created for further research and study. 

Figure 1: Location and map of the Lang Son province.
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Healthcare Systems and Facilities

Healthcare systems and facilities in 2016 of the Lang Son 
province [14] had four provincial hospitals having 810 beds, 10 
district hospitals having 1,045 beds, 25 regional clinics having 
145 beds, and 226 commune health stations having 678 beds in 
providing healthcare services at all regions of the province. The 
total number of Medical Doctors was 680, giving the number of 
physicians per 10,000 inhabitants was 8.8. People aged forty or 
older can visit these health facilities to test for DM and receive 
treatment if they are suffering from DM. 

Validation of Mortality Registration in Vietnam and Lang 
Son Province

Quality of mortality registration for all causes including DM 
was examined for completeness and accuracy in Viet Nam and the 
mortality registration systems at the Lang Son province have been 
operating these systems following the same regulation guideline by 
the Ministry of Health [18]. The estimated completeness was 93.7% 
in 2008 at three provinces represented three regions of Viet Nam 
(North, Central, and South) [19]; was 81% at 16 provinces in 2009 
represented by sixty-three provinces/cities nationwide [20]. For 
data of DM, a pilot study in another province of Nghe An in 2014, 
the estimated sensitivity and specificity were 50%-57% and 99%-
100%, respectively [21]. In Quang Ninh and Thai Nguyen provinces, 
[22] bordering with the Lang Son province (Figure 1), the estimated 
Kappa for DM was 33%.

Inclusion and Exclusion of the Study Subjects

Data on the status and distribution of mortality recorded in 
Lang Son province during 2005-2018 (missing 2009 and 2010) was 
calculated using the following input progress: 

a) A list of deaths due to all causes according to the “Report card 
of the cause of death” in all 226 State Commune Health Stations 
of eleven cities/districts in Lang Son province was checked, 
including 5 variables: Patient ID, age, gender, date, month, year 
of death and cause of death (according to ICD-10).

b) All deaths according to the criteria of deaths due to DM (ICD-
10: E10-E14) were chosen.

c) All confirmed deaths not due to DM (ICD-10: E10-E14) were 
excluded from the present study. 

Data Analysis

Data collected were entered and analyzed by EXCEL and STATA 
10.0 software. The list of deaths due to diabetes is presented by 
gender, age group, district, and in general for the whole province. 
The death rate per 100,000 people by gender, age group, district, 

and the whole province was calculated. Age-standardized rate per 
100,000 person-years (ASR) using the WHO standard population 
(2000-2025) and the adjusted mortality rate ratio and 95% 
confidence interval (MRR, 95%CI) were estimated by sex and year.

Ethical Approval

Investigation of the cause of death does not interfere with the 
body of the person providing the data and does not harm the health 
of the study participants. The information on the cause of death 
will be kept confidential when presenting does not show the name 
and address of the person who died. The Hanoi Medical University 
Review Board in Bio-Medical Research # 61/HMURB, dated 25 
November 2008, and the Board of Ethics in Bio-Medical Research 
at University of Medicine and Pharmacy at Ho Chi Minh City #106/
UMP-BOARD, dated 20 March 2019 have approved the present 
research protocol.

Results
 Among 49,253 death cases for 9,077,500 person-years, 

the total number of deaths due to DM was 426 cases, which was 
estimated for 0.86%. The proportion of deaths aged under 70 years 
old was highest in 2014, at 87.5% out of total death cases due to 
DM occurrence in this year and about three-fourth of total deaths 
in 2005-2018. Diabetic mortality was lowest in 2005, at 22 deaths; 
the number of death was highest in 2018, at 48 cases. Consequently, 
the mortality crude rate (per 100,000 person-years) was lowest in 
2005, at 3.1, and highest in 2018, at 6.1. Using the WHO standard 
population, the age-standardized mortality rate (WHO-ASR) was 
still highest in 2018, at 8.0; when combined all cases from 2005-
2018 and in both genders, this rate was 5.8 per 100,000 person-
years. Per-year increment MRR (95%CI) was 1.033 (1.010, 1.057) 
and this result was statistical significance (p=0.005), (Table 1). 
Among 31,262 total cases, there were 317 deaths due to DM in 
men, which was estimated for 1.01%. The proportion of deaths 
aged under 70 years old was highest in 2014, at 96.3%. Diabetic 
mortality was lowest in 2005, at 15 deaths; the number of death 
was highest in 2016, at 38 cases. As a result, the mortality crude 
rate (per 100,000 person-years) was lowest in 2005, at 4.2, and 
highest in 2016, at 9.7. 

According to the WHO standard population, WHO-ASR was 
highest in 2018, at 14.3; when combined all cases from 2005-
2018 and in men, this rate was 9.4 per 100,000 person-years. Per-
year increment MRR (95%CI) was 1.041 (1.014, 1.069), and this 
result was statistical significance (p=0.003), (Table 2). In general, 
the number of deaths due to DM in women was lower than that 
in men. Among 17,990 total deaths, 109 deaths were due to DM 
in women, which accounted for 0.61%. The proportion of deaths 
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aged under 70 years old was highest in 2007, at 72.7%. Diabetic 
mortality was lowest in 2017, at 4 deaths; the number of death 
was highest in 2015, at 16 cases. The mortality crude rate (per 
100,000 person-years) was lowest in 2017, at only one and highest 
in 2015, at 4. Using the WHO standard population, WHO-ASR was 
highest in 2015, at 4.7; when combined all cases from 2005-2018 
and in women, this rate was 2.7 per 100,000 person-years. Per-
year increment MRR (95%CI) was 1.011 (0.967, 1.057), but this 
result was not statistically significant (p=0.619), (Table 3). Figure 

2 shows the difference in age-specific mortality rates per 100,000 
person-years between men and women during the survey period. 
In general, the mortality rate in men was much higher in women. 
Also, the number of deaths due to DM consistently higher with 
increasing age. In 0-29 age groups, the proportion of deaths due to 
DM was very low (lower than 1%) in both genders. The mortality 
rate of men, women, and in both genders was highest in people who 
were 80 years old and older, at 53.3, 38.2, and 42.8, consequently. 

Missing data for the year of 2009-2010;
Figure 2: Age-specific mortality rate per 100,000 person-years by sex during 2005-2018.

Table 1: Mortality due diabetes in both genders from 2005 to 2018 in Lang Son province.

Year Case Crude rate $ %<70 # WHO-ASR $ MRR (95%CI) $$ p

2005 22 3.1 63.6 3.5 1 (reference)  

2006 28 3.8 75.0 4.5 1.251 (0.716, 2.187) 0.431

2007 34 4.6 73.5 5.8 1.512 (0.885, 2.586) 0.131

2008 28 3.8 78.6 4.5 1.228 (0.703, 2.147) 0.471

2011 36 4.9 80.6 6.1 1.606 (0.945, 2.730) 0.080

2012 35 4.7 71.4 5.7 1.533 (0.899, 2.613) 0.116

2013 35 4.7 71.4 5.7 1.552 (0.910, 2.645) 0.106

2014 40 5.1 87.5 6.1 1.675 (0.995, 2.818) 0.052

2015 43 5.5 74.4 6.7 1.787 (1.069, 2.987) 0.027

2016 47 6.0 78.7 7.5 1.959 (1.180, 3.250) 0.009

2017 30 3.8 73.3 4.7 1.234 (0.712, 2.139) 0.454

2018 48 6.1 68.8 8.0 2.003 (1.209, 3.317) 0.007

Note: Missing data for the year of 2009-2010; the estimated proportion of deaths due to diabetes was 0.86% (426 cases of diabetes vs. 
49,253 total cases), both genders. $$ adjusted for age group (0-9, 10-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80+) and sex. Per-year 
increment MRR (95%CI): 1.033 (1.010, 1.057), p=0.005. $ Crude rate per 100,000 person-years; $ Age-standardized rate per 100,000 
person-years using the World Health Organization standard population for 2000-2025; # Proportion of death cases aged under 70 
year-olds. When combined all cases from 2005-2018, both genders, WHO-ASR: 5.8 per 100,000 person-years.
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Table 2: Mortality due diabetes in men from 2005 to 2018 in Lang Son province.

Year Case Crude rate $ %<70 # WHO-ASR $ MRR (95%CI) ## p

2005 15 4.2 66.7 5.7 1 (reference)  

2006 19 5.2 84.2 6.2 1.245 (0.633, 2.451) 0.525

2007 23 6.3 73.9 8.8 1.500 (0.783, 2.876) 0.222

2008 23 6.3 87.0 7.9 1.480 (0.772, 2.836) 0.238

2011 28 7.7 89.3 10.5 1.832 (0.979, 3.431) 0.058

2012 27 7.3 85.2 9.6 1.735 (0.923, 3.261) 0.087

2013 27 7.4 81.5 9.0 1.756 (0.934, 3.301) 0.080

2014 27 7.0 96.3 8.6 1.658 (0.882, 3.117) 0.116

2015 27 6.9 88.9 9.0 1.646 (0.875, 3.094) 0.122

2016 38 9.7 86.8 13.2 2.323 (1.278, 4.223) 0.006

2017 26 6.6 84.6 9.2 1.568 (0.831, 2.961) 0.165

2018 37 9.5 81.1 14.3 2.264 (1.243, 4.125) 0.008

Note: Missing data for the year of 2009-2010; the estimated proportion of deaths due to diabetes was 1.01% (317 cases of diabetes 
vs. 31,262 total cases) in men. ## adjusted for age group (0-9, 10-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80+). Per-year increment 
MRR (95%CI): 1.041 (1.014, 1.069), p=0.003. $ Crude rate per 100,000 person-years; $ Age-standardized rate per 100,000 person-years 
using the World Health Organization standard population for 2000-2025; # Proportion of death cases aged under 70 year-olds. When 
combined all cases from 2005-2018 in men, WHO-ASR: 9.4 per 100,000 person-years.

Table 3: Mortality due diabetes in women from 2005 to 2018 in Lang Son province.

Year Case Crude rate $ %<70 # WHO-ASR $ MRR (95%CI) ## p

2005 7 1.9 57.1 1.9 1 (reference)  

2006 9 2.4 55.6 2.8 1.264 (0.471, 3.395) 0.642

2007 11 3.0 72.7 3.5 1.538 (0.596, 3.967) 0.373

2008 5 1.3 40.0 1.6 0.689 (0.219, 2.172) 0.525

2011 8 2.2 50.0 2.5 1.122 (0.407, 3.093) 0.824

2012 8 2.1 25.0 2.3 1.101 (0.399, 3.037) 0.852

2013 8 2.2 37.5 2.5 1.115 (0.404, 3.074) 0.834

2014 13 3.3 69.2 3.7 1.711 (0.683, 4.288) 0.252

2015 16 4.0 50.0 4.7 2.090 (0.860, 5.080) 0.104

2016 9 2.3 44.4 2.8 1.179 (0.439, 3.165) 0.744

2017 4 1.0 0.0 1.1 0.517 (0.151, 1.766) 0.293

2018 11 2.8 27.3 3.0 1.442 (0.559, 3.721) 0.449

Note: Missing data for the year of 2009-2010; the estimated proportion of deaths due to diabetes was 0.61% (109 cases of diabetes vs. 
17,990 total cases) in women. ## adjusted for age group (0-9, 10-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80+). Per-year increment 
MRR (95%CI): 1.011 (0.967, 1.057), p=0.619. $ Crude rate per 100,000 person-years; $ Age-standardized rate per 100,000 person-years 
using the World Health Organization standard population for 2000-2025; # Proportion of death cases aged under 70 year-olds. When 
combined all cases from 2005-2018 in women, WHO-ASR: 2.7 per 100,000 person-years.

Discussion
We observed a significant increasing trend of DM from 2005 

to 2018 in a mountainous province of Lang Son in Viet Nam, 
especially in men. The risk of developing DM in men was 3.5 times 
higher than in women. The findings suggested that DM has to be 
alarming public health issues in this remote and disadvantaged 
population and people living in this area. The strengthens of the 
study included a long period of mortality registration for the whole 
provincial population for all causes including DM to address the 

time trend and the proportion of premature deaths under the age 
of 70 years, about three-fourth of total DM deaths. The present 
findings are basic information for further evident based public 
health policy plans and the decision to reduce the burden of DM 
and non-communicable diseases in the country. The mechanism 
of developing DM is unclear to date. The features of DM included 
rising glucose levels in the patient’s blood because the patient’s 
body cannot create enough of the hormone insulin or cannot 
effectively use the insulin it creates. Insulin is an essential hormone 
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generated in the pancreas. The hormone metabolized glucose from 
the circulation systems to enter the body’s cells where that glucose 
is converted into energy [1].

An unhealthy diet continues to be a major public health issue 
worldwide, especially in low- and middle-income countries, including 
Viet Nam. The underlying etiology of DM and non-communicable 
diseases are partly due to unhealthy diet and lifestyles. Red meat 
intake is a significantly increased risk of DM based on the results 
of three prospective cohort studies in the U.S. [23]. Meat cooking 
methods are associated with the risk of DM [24]. The underlying 
mechanism of red meat intake and meat cooking methods might 
be the formed chemical dietary carcinogens of heterocyclic amines 
[24] due to cooking meats at high temperatures during a long time 
[25,26]. Heterocyclic amines included PhIP are generated when 
meats are cooked at high cooking temperatures resulted from 
the reaction between amino acids, sugars, and creatinine [27,28]. 
Over twenty types of heterocyclic amines have been identified in 
cooked meats, and concentrations appear to increase with higher 
temperatures and longer duration of cooking [29,30]. The other 
established risk factor of DM is tobacco smoking. Both active and 
passive tobacco smoking are risk factors for developing DM [31-
33]. Both red meat intake [34] and tobacco smoking [35] are highly 
prevalent in Viet Nam that might be responsible for the occurrence 
of DM with an alarmingly increasing trend, especially in men. 

There were a total of 426 diabetic deaths from 2005 to 2018, 
accounting for 0.86% of all-causes deaths in Lang Son province. 
This proportion of mortality due to DM is lower than the WHO 
report in 2016 on a national scale, with 3% of deaths due to DM 
[5]. The diabetes mortality rate also tended to increase over the 
years, suggesting that there is still a significant limitation in DM’s 
management and treatment in this area. The WHO-ASR mortality 
rate of DM in Lang Son province was 5.8 deaths per 100,000 people. 
This is much lower than the United States (U.S.) in 2017, with 25.7 
deaths per 100,000 people [36]. Another study in rural America 
regions also showed a much higher crude mortality rate for the 
entire population (1999 - 2015), which ranged from 20.5 to 34.2 
per 100,000 people [37]. It should be taken into consideration 
that there are differences in geographic locations as well as the 
population groups and their lifestyles of these studies, which can 
lead to disparities in the results. The age-adjusted mortality rate 
using the WHO standard population was 5.8 deaths per 100,000 
people, which was quite trivial compared with 39.34 deaths per 
100,000 people in Romania (1998 - 2015) and 23.3 deaths per 
100,000 people in Panama (2001 - 2011). 

Although there was a significant increase in the age-adjusted 
mortality rate from 3.5 in 2005 to 8.0 in 2018, remarkable 
fluctuations between the years over the 12 years were recorded. A 

similar trend was also witnessed with the mortality rate even after 
adjusting for both age and gender. This indicates possible differences 
in the mortality rate in terms of different genders and age groups. 
However, the mortality rate among diabetic patients in the province 
still increased generally, with per-year increment MRR was 3.3% 
compared to the initial year 2005. This finding was in contrast with 
the result of a study in Denmark (2004) [38], with a reduction of 
4.0% per year in terms of the mortality rate among people with 
DM. Another study in Simcoe Muskoka and Ontario provinces of 
Canada also showed a similar downward trend from 2000 to 2015 
[39]. The increasing trend of Lang Son province suggests a lack of 
early and effective treatment for diabetic patients. Unfortunately, 
with the collected data, we were unable to analyze and confirm this 
hypothesis. A limitation of this study is that data available is not 
represented for the national level and possibly underestimation, 
because the estimated sensitivity of DM mortality registration is 
under 60% in the other provinces in Viet Nam and the data of the 
Lang Son province will share the same situation. More in-depth 
studies are needed to accurately evaluate the mortality rate to help 
policymakers produce appropriate measures to reduce the risk of 
death from diabetes and to treat and prevent the prevention of this 
disease is more effective.

Conclusion
Our study has shown that the mortality rate of diabetic 

patients has increased continuously over the last decades and a 
large proportion of premature deaths under the age of 70 years 
in Lang Son province. The rate increased constantly across all the 
age groups, and higher mortality was seen in men. These trends 
suggest continued efforts to improve the treatment of diabetes and 
its complications are needed. Besides, the absence of a systematic 
record of mortality rate due to DM at a national scale requires 
urgent attention and further researches.
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