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INTRODUCTION 

Diabetes mellitus is a chronic metabolic disease characterized 
by elevated blood sugar levels. It is 1 of 4 serious non-communi-

cable diseases (NCDs) that the World Health Organization (WHO) 
has targeted for control [1]. Diabetes develops when an individu-
al’s pancreas does not make enough insulin, or the body cannot 
effectively use the insulin it produces. Diabetes results in abnor-
mal carbohydrate metabolism and elevated blood glucose levels, 
which subsequently lead to severe health complications including 
vision loss, leg amputation, heart attack, stroke, kidney failure, 
and nerve damage; furthermore, diabetes even increases the risk 
of developing some types of cancer [1,2]. Undiagnosed cases of 
diabetes or prediabetes are an emerging public health concern, as 
many instances are only identified after affected individuals de-
velop serious complications [3]. Approximately 5-10% of individ-
uals with prediabetes will develop diabetes within the next 10 
years if their condition is not controlled appropriately, and they 
may experience diabetic complications [4]. As a result, prediabe-
tes is a significant risk factor of diabetes, and this recognition 
should be combined with a thorough understanding of its natural 
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The screening program consisted of a survey about health be-
haviors and a health examination. We excluded non-residents of 
Da Nang and who did not either answer a health behavior survey 
questionnaire, had missing blood sample, or duplicated subjects. 
In total, 12,725 respondents were eligible for our present study. 

Measurements and definitions
Information was collected on the demographic characteristics 

of study participants, including age, gender, educational level, and 
residential area. 

Diabetes and prediabetes measurements and classification fol-
lowed the standards of the American Diabetes Association. Diabe-
tes was defined as a fasting plasma glucose (FPG) ≥ 6.993 mmol/L 
or a 2-hour postload oral glucose tolerance test (OGTT) level 
≥ 11.045 mmol/L. Prediabetes was classified as FPG of 5.550-
6.993 mmol/L or a 2-hour postload OGTT level of 7.77-11.045 
mmol/L [12]. All blood glucose tests were carried out by health 
professionals at commune health centers. The Johnson and John-
son SureStep OneTouch glucose meter (Johnson & Johnson, New 
Brunswick, NJ, USA) was used to test either the FPG level or OG
TT level at the same laboratory (Da Nang Center for Disease Con-
trol and Prevention). 

Hypertension was defined as a systolic blood pressure (SBP) 
higher than 140 mmHg or a diastolic blood pressure (DBP) ex-
ceeding 90 mmHg [13]. 

Body mass index (BMI) was calculated by dividing weight by 
height squared (kg/m2). Obesity was identified as a BMI ≥25 kg/m2, 
following the WHO criteria of BMI cut-off points for Asia-Pacific 
people [14].

Waist circumference was measured using a constant-tension 
tape at the umbilicus level. Hip circumference was measured at 
the level of the broadest border over the great trochanters. Abdo
minal obesity was defined as a waist circumference ≥ 80 cm for 
women and ≥ 94 cm for men [14,15].

Waist-to-hip ratio (WHR) was defined as the waist circumfer-
ence in meters divided by the hip circumference in meters. A high 
WHR was classified as ≥ 0.9 for men and ≥ 0.8 for women.

Dyslipidemia was measured by the self-reported question: “Have 
you ever had dyslipidemia before?” and classified based on study 
participants’ answers (yes or no). 

Statistical analysis 
The study participants’ demographic characteristics and related 

health status in each year were summarized using number and 
frequency. We calculated the crude prevalence of prediabetes and 
diabetes, and then employed the direct age standardization meth-
od to estimate the age-adjusted prediabetes/diabetes prevalence 
using the referenced age groups in the 2009 Vietnamese Census 
(above 45 years old), stratified by demographic characteristics. 
We conducted a similar analysis for prediabetes/diabetes preva-
lence based on FPG levels alone, details on which are provided in 
the Supplementary Materials 1 and 2.

Multinomial logistic regression models were performed to de-

history and interventions to control it.
Diabetes imposes a significant burden of disease in Vietnam 

[5]. The nationwide prevalence of diabetes was 6.0% in 2017, with 
approximately 5 million adults diagnosed with diabetes [1]. In the 
same year, diabetes accounted for 29 out of 1,000 deaths, of which 
51.5% were among undiagnosed cases [6]. The economic burden 
of diabetes currently accounts for 12% of the gross domestic prod-
uct per capita [7]. The burden of diabetes is increasing, and it de-
serves more attention since it constitutes one of the largest chal-
lenges facing Vietnam due to the aging population. Evidence from 
previous studies in Vietnam reveals that the prevalence of diabe-
tes was higher among those aged over 40 years [8-10]. Demogra
phic changes, coupled with income growth and a westernized 
lifestyle, particularly in the city of Da Nang (a coastal city that is 
the largest city in central Vietnam, with 1.134 million inhabit-
ants), will change the distribution of diabetes in the future [11]. 
Therefore, controlling diabetes and prediabetes in high-risk peo-
ple aged over 45 years old is likely to play a crucial role in the man-
agement of NCDs. However, analyses of trends in prediabetes and 
diabetes using primary data to suggest appropriate public health 
policy have not yet been conducted in Vietnam.

In the present study, we aimed to estimate the trends in predia-
betes and diabetes prevalence and to determine related risk fac-
tors among Vietnamese people aged 45 years and older in Da Nang, 
Vietnam, from 2011 to 2017.

MATERIALS AND METHODS 

Study population 
This study employed a cross-sectional design using data ex-

tracted from the Provincial Non-Communicable Disease Screen-
ing program, specific to diabetes, over the period of 2011-2017. 
An annual screening program was undertaken in Da Nang, con-
sisting of 1 sub-urban district (defined as a rural area in the study) 
and 6 urban districts. 

In brief, the diabetes prevention program was a part of an NCDs 
screening program that has been implemented in some targeted 
provinces and cites since 2010. This program is managed by the 
Ministry of Health and technically supervised by the Vietnam 
National Hospital of Endocrinology. The funding partially comes 
from the budget of the national project and mostly relies on fund-
ing availability from the Provincial People’s Department. This 
program was carried out by the Da Nang Center for Disease Con-
trol and Prevention. 

The program used a multistage sampling method: (1) 3 districts 
of the city of Da Nang were selected randomly based on the char-
acteristics of different ecological regions; (2) 4-6 communes in 
each district were then randomly selected; (3) 10 villages were 
randomly selected from each commune; and (4) a list of people 
aged 45 and older of both genders in the studied villages was com-
piled from the list of total residents. From 2011 to 2017, a total of 
21,318 people were randomly selected and invited, of whom 13,389 
people agreed to take part in the program. 
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termine the risk factors of diabetes and prediabetes. The overall 
and gender-stratified models were employed separately. Binary 
logistic regression was also utilized for the composite outcome of 
interest (prediabetes and diabetes), and the results are provided in 
the Supplementary Material 3.

The Joinpoint software (developed by IMS, Inc. under contract 
for the National Cancer Institute of America) was applied to esti-
mate the annual percentage change (APC) and ptrend-values. 

The threshold for statistical significance was set as a p-value of 
less than 0.05. Stata version 14 (StataCorp., College Station, TX, 
USA) was used for all data management and analysis.

Ethics statement
The scientific committee at the Center for Disease Control and 

Prevention (formerly named: Da Nang City Preventive Medicine 
Center) and the Department of Health in Da Nang agreed for us 
to use data since 2016 (Decision No.1659/QĐ-SYT). In addition, 
ethical approval for the study protocol was obtained from the Eth-
ics Committee for Biomedical Researches of Hue University of 
Medicine and Pharmacy, Hue, Vietnam (No. H2016/78, date of 
approval: May 12, 2016).

All participants were given information about screening and 
provided written informed consent for the annual screening pro-
gram.

RESULTS

Descriptive statistics on participation rates, socio-demographic 
characteristics of the study participants, and related health status 
during the study period are shown in Table 1. In total, 12,725 peo-
ple were included in this study. The overall participation rate was 
62.8%, with a significant increase from 42.8% in 2011 to 83.6% in 
2017 (ptrend < 0.05). The highest participation rate was observed in 
2015 (92.3%). Two-thirds of the sample were women (71.9%). 
There was a trend towards increased participation by people in 
the age group of 65-69 (ptrend < 0.05). Over 50% of the study par-
ticipants had an education level of lower than high school. Most 
of the respondents reported living in urban areas (76.4%). The 
prevalence of obesity, abdominal obesity, hypertension, and dys-
lipidemia was stably constant (ptrend > 0.05).

Table 2 shows the trends in the crude and age-standardized prev-
alence of diabetes. The crude and adjusted prevalence of diabetes 
showed no significant changes (ptrend = 0.3 and ptrend = 0.2, respec-
tively). The age-standardized prevalence for diabetes was 11.8% 
in 2011 and 11.4% in 2017. No significant changes in diabetes were 
noted according to age group, gender, residential area, or educa-
tional level (ptrend > 0.05). 

As shown in Table 3, the unadjusted and adjusted prevalence of 
prediabetes significantly increased. The age-standardized preva-

Table 2. Age-standardized prevalence of diabetes among study participants (n=12,725)1

Characteristics 2011 2012 2013 2014 2015 2016 2017 APC (%) ptrend

No. of respondents (n) 1,530 2,998 3,982 994 1,251 981 989 - -
No. of participants with diabetes (n) 217 281 424 136 190 157 117 - -
Prevalence
   Crude 14.2±0.9 9.4±0.5 10.6±0.5 13.7±1.1 15.2±1.0 16.0±1.2 11.8±1.0 4.55 0.3
   Adjusted 11.8±0.9 8.6±0.5 8.8±0.5 12.1±1.1 13.5±1.0 14.2±1.1 11.4±1.0 6.23 0.2
Age (yr)
   45–49 8.1±1.6 5.6±0.8 5.8±0.7 8.1±1.8 7.8±1.5 10.0±1.8 7.2±1.5 4.76 0.2
   50–54 11.5±1.8 8.1±1.2 7.0±1.0 9.9±2.2 12.4±2.1 11.9±2.6 12.4±2.4 10.31 0.1
   55–59 10.3±1.8 9.6±1.2 9.7±1.1 17.3±2.3 17.3±2.3 16.3±2.8 10.2±2.1 6.05 0.2
   60–64 16.3±2.4 13.2±1.6 11.7±1.4 14.4±2.8 14.9±2.6 22.4±3.1 13.5±2.8 5.50 0.3
   65–69  23.0±2.2 12.6±1.4 18.5±1.2 19.4±2.8 27.3±3.1 21.7±3.0 22.3±3.7 9.90 0.2
Gender
    Women 11.4±1.0 8.2±0.6 8.1±0.5 11.9±1.2 12.8±1.1 12.2±1.2 10.3±1.1 4.95 0.3
    Men 13.1±1.8 9.8±1.1 10.6±1.0 13.5±2.2 15.9±2.1 20.3±2.7 15.1±2.4 4.64 0.4
Educational level
   Illiteracy to secondary school  
      (grade 9 and below) 

12.4±1.2 8.8±0.7 10.2±0.6 12.2±1.5 13.7±1.2 15.0±1.5 11.5±1.4 5.78 0.2

   High school (grade 10-12) 9.8±1.5 8.2±1.1 7.0±0.8 12.0±1.8 14.1±1.9 14.8±2.3 12.4±1.9 10.78 0.1
   College or more 9.1±2.3 7.3±1.4 6.3±1.1 11.6±2.4 11.5±2.7 8.6±2.6 8.5±2.8 5.37 0.4
Region 
   Rural NA 7.4±0.8 9.0±0.9 NA NA 14.8±1.7 13.4±1.5 NA NA
   Urban 11.8±0.9 9.2±0.7 8.7±0.5 12.1±1.1 13.5±1.0 14.7±1.7 10.3±1.0 4.87 0.3

Values are presented as %±standard error.
APC, annual percent change; NA, not applicable.
1Data are direct age adjustment of the data was done for the Vietnamese population aged ≥45 years in the year 2009. 
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Table 3. Age-standardized prevalence of prediabetes among study participants from 2011 to 2017 (n=12,725)1 

Characteristics 2011 2012 2013 2014 2015 2016 2017 APC (%) ptrend

No. of respondents (n) 1,530 2,998 3,982 994 1,251 981 989 - -
No. of participants with  
   prediabetes (n)

469 632 1,248 540 659 489 522 - -

Prevalence overall 
   Crude 30.7±1.2 21.1±0.7 31.3±0.7 54.3±1.6 52.7±1.4 49.8±1.6 52.8±1.6 15.24 <0.001
   Adjusted 29.4±1.3 20.2±0.8 30.6±0.8 53.4±1.7 53.3±1.5 48.7±1.7 52.9±1.6 16.17 <0.001
Age (yr) 
   45–49 25.4±2.6 19.4±1.4 29.5±1.4 49.2±3.3 52.2±2.8 46.1±3.0 47.5±2.9 14.54 <0.001
   50–54 29.1±2.5 18.1±1.6 30.2±1.8 54.4±3.7 56.6±3.1 46.9±4.0 56.5±3.6 21.24 <0.001
   55–59 32.6±2.7 19.4±1.6 29.3±1.7 56.8±3.3 52.7±3.0 50.6±3.8 57.8±3.5 16.64 <0.001
   60–64 33.7±3.0 24.3±2.0 33.0±2.0 53.8±4.0 56.2±3.6 53.6±3.7 53.5±4.0 17.29 <0.001
   65–69 32.4±2.4 25.9±1.9 34.7±1.5 58.2±3.5 45.5±3.5 53.4±3.6 50.8±4.4 16.28 <0.001
Gender 
   Women 31.1±1.5 22.3±0.9 33.3±1.0 55.6±2.0 54.2±1.7 50.3±2.0 52.8±1.9 14.09 <0.001
    Men 24.8±2.3 14.5±1.3 23.9±1.4 48.1±3.3 51.0±3.0 44.5±3.4 53.4±3.3 12.75 <0.001
Educational level
   Illiteracy to secondary
      school (grade 9 and below)

31.4±1.8 20.6±1.0 31.3±1.1 53.8±2.5 55.5±1.9 49.8±2.2 55.3±2.2 16.68 <0.001

   High school (grade 10-12) 27.7±2.2 19.3±1.5 30.4±1.5 52.6±2.9 49.8±2.8 46.5±3.3 48.7±3.0 14.65 <0.001
   College or more 26.8±3.2 21.5±2.2 28.0±2.1 56.7±3.8 51.0±4.3 49.4±4.8 50.9±4.7 16.57 0.1
Region
   Rural NA 18.2±1.2 34.0±1.6 NA NA 47.8±2.4 57.6±2.3 NA NA
   Urban 29.3±1.3 21.4±1.0 29.2±0.9 53.3±1.7 53.3±1.5 49.7±2.5 48.4±2.3 16.37 <0.001

Values are presented as %±standard error.
APC, annual percent change; NA. not applicable. 
1Direct age adjustment of the data was done for the Vietnamese population aged ≥45 years in the year 2009. 

lence of prediabetes was 29.4% in 2011 and 52.9% in 2017 (ptrend <  
0.001), with an APC of 16.17%. Increasing trends of prediabetes 
were observed in all age groups, for both genders, in all urban ar-
eas, and for educational levels lower than college. 

Trends in the prevalence of diabetes and prediabetes using only 
FPG levels are shown in Supplementary Materials 1 and 2. The 
age-adjusted prevalence (using FPG) was 10.4% and 53.2% for di-
abetes and prediabetes, respectively, in 2017. A significant increase 

Figure 1. Prevalence of diabetes and prediabetes in Da Nang from 2011 to 2017, by gender (A: men, B: women). 
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was found in the prevalence of diabetes using the FPG definition 
among those aged 50-54 years and among those with an educa-
tional level of grade 9 and below. However, the prevalence of pre-
diabetes based on FPG alone remained similar from 2011 to 2017 
in men and in those with an educational attainment of college or 
higher. 

Figure 1 shows that the disparity in the prevalence of diabetes 
and prediabetes by gender, which increased dramatically since 
2012, when the lowest prevalence was recorded in both groups. 
The prevalence of prediabetes was lower in men than in women 
during the period 2011-2016, and then was similar in 2017 (52.8% 
in women and 53.4% in men). In contrast, the prevalence of dia-
betes remained higher in men than in women throughout the pe-
riod of 2011 to 2017 (in 2017, 15.1% in men and 10.3% in women). 

Table 4 shows the associations of risk factors with prediabetes 
and diabetes. Overall, the risk of prediabetes was higher in people 
with obesity (BMI≥ 25 kg/m2; adjusted odds ratio [aOR], 1.53; 
95% CI, 1.37 to 1.72) and hypertension (aOR, 1.10; 95% CI, 1.03 
to 1.17). In contrast, men had a lower risk of prediabetes than wom-
en (aOR, 0.71; 95% CI, 0.63 to 0.80). The risk of diabetes was ele-
vated in men (aOR, 1.22; 95% CI, 1.04 to 1.42) and individuals 
with obesity (aOR, 1.36; 95% CI, 1.16 to 1.58), hypertension (aOR, 
1.36; 95%CI, 1.25 to 1.48), abdominal obesity (aOR, 1.53; 95% CI, 
1.31 to 1.80), a high WHR (aOR, 1.65; 95% CI, 1.33 to 2.05), and 
dyslipidemia (aOR, 1.45; 95% CI, 1.21 to 1.73). Older age increased 
the risk of prediabetes and diabetes, with statistical significance in 
women, but no statistical significance in men. Supplementary Ma-
terial 3 shows a binary logistic regression analysis of factors relat-
ed to prediabetes and diabetes. The major risk factors were found 
to be similar to those found in the multinomial logistic regression 
model. 

DISCUSSION

This paper presents information on trends in the age-standard-
ized prevalence of prediabetes and diabetes in the Vietnamese 
population aged 45 years and older during a 7-year period using 
the latest provincial screening database. Our findings revealed 
that about 11.4% of people had diabetes, and 1 out of 2 had predi-
abetes in 2017. The results of this study also indicated that the 
prevalence of prediabetes significantly increased in the analyzed 
population from 2011 to 2017, with an APC of 16.17%, whereas 
no significant trend in diabetes prevalence was observed in this 
period. Our study identified positive associations of gender, age 
over 60 years, obesity, a high WHR, hypertension, dyslipidemia 
and abdominal obesity with diabetes prevalence. Obesity, hyper-
tension, also showed positive relationships with prediabetes. 

The prevalence found in this study are higher than other recent 
regional estimates in the northern and southern areas of Vietnam 
[8,16-18] and even the national prevalence in a previous system-
atic review [19]. For example, a study analyzing diabetes preva-
lence during 2011-2013 in mountainous provinces in northern 
Vietnam found that 5.6% of adults aged 30-69 years old were liv-

ing with diabetes [8]. Additionally, 3.7% of those aged over 40 
years were found to have diabetes in a study of inhabitants of ru-
ral areas in the southwest of the Red River Delta in 2011 [20]. Our 
findings are consistent with those of other previous studies that 
also showed a higher prevalence of diabetes in Vietnam than in 
other Asian countries [8]. Discrepancies among studies may be at 
least partially due to differences in research sites, as most previous 
studies were conducted in rural areas. Differences in the study 
population are also a relevant factor, as our study only included 
adults aged over 45 years, which is a high-risk group. Further-
more, over the 7-year period of the study, the proportion of the 
65-69 age group increased significantly, which partially contribut-
ed to the increase in the prevalence of diabetes and prediabetes. 
Nonetheless, our findings are similar to those of a study in Chi 
Linh, a northern city in which 15.9% of those aged 50-69 years 
were living with diabetes [10], a study in the south central coast of 
Vietnam that reported prevalence rates of 8.1% for diabetes and 
50.1% for prediabetes [9], and a study conducted in the South 
Central Coast province, namely Khanh Hoa that reported a 20% 
prevalence of diabetes among those aged over 40 years [21]. Our 
results also align with those of other Asian middle-aged popula-
tions, for example, Thailand (> 13.5% with diabetes in 2014) or 
China (> 11.3% with diabetes in 2016) [22], Japanese adults aged 
over 40 years (men: 19.4%; women: 9.1%) [23], and adults in the 
United States [24]. Nevertheless, the estimate was lower than that 
of a study conducted during 2006-2014 in Hong Kong, China, 
which found that roughly 40% of the age group 40-79 years had 
diabetes [25].  

Interestingly, the prevalence of diabetes did not change signifi-
cantly over the 7-year period of the study (ptrend > 0.05), and re-
mained stable from 11.8% in 2011 to 11.4% in 2017. This pattern 
is unlike the significant increasing trend found in Thailand from 
2004 to 2014 [26], in Japan from 1988 to 2012 [23], and in China 
from 2006 to 2014 [25]. These differences may be partly due to 
variation in healthcare systems and services across countries. An-
other explanation is that our study analyzed the most recent data 
and covered a longer duration of follow-up than other prior stud-
ies. Our findings are contrary to those of an earlier meta-analysis 
showing an increasing trend in the national diabetes prevalence 
in Vietnam, from 2.7% in 2002 to 5.4% in 2012 [19]. This is partly 
a result of the diabetes prevention and management program 
provided in Da Nang since 2010 by the Center for Disease Con-
trol and Prevention with financial support from the Da Nang 
Ministry of Health. The routine annual implementation of NCDs 
screening programs has facilitated the early detection of prediabe-
tes and diabetes among the population of Da Nang. Indeed, the 
plateauing trend of diabetes prevalence aligns with the stable trends 
observed in obesity and hypertension in the study population, 
which also agrees with a study in Thailand [26]. Our study re-
vealed that the prevalence of diabetes based on FPG levels was 
lower than that based on a combination of FPG levels with OGTT 
results. In contrast, prediabetes appeared at a higher level. Because 
OGTT results were not included in the estimations, some indi-
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viduals with high 2-hour postload OGTT levels may have been 
missed among those with prediabetes, and fewer people were di-
agnosed with diabetes. The finding of a significant increase in dia-
betes prevalence (defined using FPG levels) among adults aged 
50-54 years and those with a low educational level should be high-
lighted. 

Despite the effectiveness of diabetes control, it is remarkable 
that the age-standardized prevalence of prediabetes among the 
inhabitants of Da Nang still showed a significant increasing trend 
in all age groups, both genders, all educational levels, and all ur-
ban areas, and remained at a consistently high level. This trend is 
similar to that reported by other studies in Japan [23] and Hong 
Kong [25], and it is also consistent with the worldwide trend for 
prediabetes to become more common over the past few decades 
[27,28]. Urbanization in Da Nang may have contributed to an in-
creasing threat posed by multiple lifestyle risk factors, including a 
sedentary lifestyle, less physical activity, eating fast food, smoking, 
and alcohol drinking in the most recent decade. This pattern was 
predominant in the 50-54 age group, which is exposed to many 
risk factors of prediabetes, increasing the risk that they will suffer 
from diabetes in their next stage of life. This finding also suggests 
that health education encouraging individuals to change their risk 
behaviors should be enhanced as a way to reduce the prediabetes 
rate among Da Nang residents.  

The major causes of diabetes and prediabetes listed in our study 
were obesity (BMI ≥ 25 kg/m2) and hypertension in both men 
and women. These risk exposures have also been identified as im-
portant contributors in previous studies [5,17,29]. The odds ratio 
of diabetes was higher in those with a higher WHR in both men 
and women and in women with abdominal obesity and dyslipi-
demia, which is consistent with an earlier study in Vietnam [8]. 
Diabetes was found to be less common among those with higher 
educational levels, as they might have better knowledge about 
health information and diabetes prevention methods, spurring 
them to engage in healthier behaviors [26]. Diabetes was more 
common in men than in women; however, the converse trend 
was found for prediabetes, in contrast to some previous studies 
[8,26]. This can be explained by the fact that most of our study 
participants were women, who are more likely than men to have 
healthier behaviors and to care about their health. We also found 
a positive association of age with prediabetes and diabetes risk. 
These results are in line with those of earlier studies in Vietnam, 
Asia, and worldwide [24,29,30]. Our study did not identify a rela-
tionship between living areas with high glucose tolerance, as was 
demonstrated in previous research [19]. This may have been due 
to the imbalance of urban and rural populations in our study, as 
most of the participants lived in an urban area. 

To our knowledge, this is the most up-to-date study on trends 
in diabetes and prediabetes prevalence among the Vietnamese 
population. Data were obtained through a community screening 
program, which was implemented consistently and comprehen-
sively for the study population. The study was only conducted in 
the city of Da Nang, limiting its generalizability to the broader 

population. However, the feasibility of the program is currently 
challenged by financial constraints; thus, there are currently only 
a few provinces and cities in Vietnam that are regularly conduct-
ing community-based diabetes screening on an annual basis. 
Therefore, we believe that the results of our study can provide 
some good practical evidence in terms of the NCDs prevention 
programs.

Despite the strengths of this study, some limitations should be 
considered and, ideally, eliminated in further studies. Firstly, there 
were some limitations in our sample selection process and meas-
urements due to a lack of financial resources. The overall response 
rate of 62.8% in our study was lower than the recommended rate 
[31], particularly in the first years of screening implementation. 
Additionally, the participation of women and those living in ur-
ban areas was disproportionately high in our study, with the pro-
portion of women consistently exceeding 70% and a roughly even 
balance of urban and rural inhabitants only being achieved in the 
last 2 years of the study. These imbalances may have increased the 
risk of selection bias, as those who were aware of their diabetes 
risk were more likely to come for screening than others. This fac-
tor may have resulted in an overestimation of prediabetes preva-
lence. Also, due to financial constraints, only approximately half 
of the participants with higher risks of diabetes received 2-hour 
OGTT testing. Secondly, the lack of quality control in the labora-
tory is an important limitation of our study, with possible impacts 
on study results. Thirdly, we did not collect data on economic 
characteristics or other health behaviors, such as smoking, alco-
hol drinking, or diet, all of which are possible confounders. Final-
ly, despite these promising results, our present study derives from 
cross-sectional observations, so it is not possible to infer causality. 
Further studies on this issue are therefore recommended. 

Overall, this study showed higher diabetes and prediabetes 
prevalence in the city of Da Nang than in other provinces in Viet-
nam and in other Asian countries. The prevalence of prediabetes 
significantly increased over the 7-year study period, but that of 
diabetes was unchanged. We also estimated several risk factors 
that might have contributed to the growth in diabetes and predia-
betes prevalence over the period. Despite this limitation, these 
findings have significant implications regarding the need for the 
government and professional bodies to focus on public health in-
terventions targeting middle-aged Vietnamese adults with the 
aim of preventing and controlling prediabetes and diabetes na-
tionwide.
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