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Background: The incidence rate of type 2 diabetes mellitus (T2DM) is rapidly increasing in Brazil, Russia, India, China,
and South Africa (BRICS). The present study analyzed trends in T2DM incidence rate across the BRICS and associations

Methods: The incidence rate was estimated by the data obtained from GBD 2019 (Global Burden of Disease Study
2019) and was analyzed with the age-period-cohort framework. Incidence rates of T2DM (1990-2019) were collected
for each 5-year age group (from 25 to 29 to 85-89 age group) stratified by gender from the Global Burden of Disease

Results: In 2019, the the incidence rate of T2DM was 280.2 per 100,000 across the BRICS. Between 1990 and 2019,
the incidence rate of T2DM among the BRICS population increased by 83.3%. In each period, as age increases, the
incidence rate of T2DM in China and Russia first increased and then decreased, while the incidence rate of T2DM in
Brazil, India and South Africa first increased and then decreased slightly with age group. Deteriorating period and
cohort risks for incidence rate of T2DM were generally found across the BRICS.

Conclusions: The number of diabetic patients in the BRICS countries has continued to increase and the growth rate
has been stable in the past 30years, which is dependent on age and some other environmental factors. Some pos-
sible factors influencing T2DM incidence are analyzed and hypotheses generated through the age and period effects.

Keywords: Diabetes mellitus, Incidence, Age-period-cohort effect

Background

In 2010, about 12.9 million people were killed by ischemic
heart disease and stroke, an increasingly important risk
factor for which is diabetes [1, 2]. Diabetes mellitus is a
chronic metabolic non-communicable disease (NCD),
which has spread globally. The World Health Organiza-
tion (WHO) has identified diabetes mellitus as one of the
four main NCDs meriting close attention [3], as the num-
ber of deaths due to diabetes increased by 31.1% between
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2006 and 2016 globally. As of 2015, more than 415 mil-
lion adults have diabetes, and this number is expected to
increase to 642 million by 2040.

Analyzing the incidence trend of T2DM can help to
understand and control the burden of disease. Brazil,
Russia, India, China, and South Africa constitute the
political and economic blocs of countries with rapid eco-
nomic development, with nearly half of the world’s pop-
ulation [4]. These five countries include several different
races, have different cultures and living habits, and have
all experienced medical care and socio-economic devel-
opment. Moreover, several of these countries are expe-
riencing aging, and aging likely drives a continued
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increase in the incidence and mortality of diabetes [5].
Statistical analysis of these countries can help formulate
public health policies and estimate and analyze future
trends.

Aging likely drives a continued increase in the inci-
dence and mortality of diabetes. Timely population-level
interventions aiming for obesity prevention, healthy diet
and regular physical activity should be conducted, espe-
cially for men and earlier birth cohorts at high risk of
diabetes.

This study aims to examine time trends from 1990 to
2019 and the age, period, and cohort effects on T2DM
incidence. Using data derived from the Global Burden
of Disease Study 2019, we provide a first comprehensive
report of the striking differences in T2DM across Brazil,
Russia, India, China, and South Africa, as well as asso-
ciations with age, period, and birth cohort, over the past
30years.

Methods

Data sources

The population data of BRICS and the number of
new T2DM in the population of BRICS were obtained
from the GBD 2019 study. GBD 2019 study not only
provides population estimates in 204 countries and
territories from 1950 to 2019 [6], but also provides a
comprehensive assessment of incidence, prevalence,
and years lived with disability (YLDs) for 369 diseases
and injuries in 204 countries and territories from 1990
to 2019 [6]. The original data, which GBD adapted to
estimate population, was mainly from UNSD [7], UN
Population Division [8], UN DYB [9], the Integrated
Public Use Microdata Series (IPUMS) [10], and the
Population Research Center at The University of Texas
at Austin [11].

The subject of this study is T2DM, and the criteria
for T2DM are detailed in Additional file 1. Considering
that GBD’s data estimation processing for T2DM also
involves overall Diabetes Mellitus and Diabetes Mellitus
Type 1, the criteria are also attached in Additional file 1.
Conceptually, the work of data estimation is divided into
the following steps: (1) compiling data sources through
data identification and extraction. (2) data adjustment;
(3) estimation of incidence by using DisMod-MR 2.1 [12].
With regard to access to data sources, it is important to
emphasize that only 20% of Diabetes Mellitus estimates
are available by type, and the diagnostic criteria in the
methodological sections are not sufficiently specific [12].
Therefore, the estimate for T2DM is actually derived
from the estimate of overall Diabetes Mellitus minus the
estimate of Diabetes Mellitus Type 1 for each age, sex,
and location from 1990 to 2019.
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All the data mentioned above can be obtained here:
http://ghdx.healthdata.org/GBD-resultstool, contains
core summary results for GBD 2019.

Statistical analyses

The present study used the Age-Period-Cohort Model
to analyze the data. APC model is a generalized linear
model that takes age, period and cohort as independ-
ent variables, takes the occurrence of a certain observed
event or a phenomenon in a population as the dependent
variable, and assumes that the dependent variable obeys
a certain probability distribution. This model is based on
retrospective repeated measurement cross-sectional data
(age-specific incidence rate in different periods), fits inci-
dence rate, and separates age effects, period effects, and
cohort effects, so as to quantify the influence of age, time
and birth cohort factors on disease rate.

To conduct APC analysis, the incidence rate of T2DM
in a specific age group and time period is displayed in
the form of a two-dimensional contingency table (Addi-
tional file 2 and 3). In order to keep the number of APC
model parameters at a manageable level and reason-
ably obtain a smooth curve of the time-effect curve, we
divided age-specific incidence rate into groups of 5years
(25 to 29, 30 to 34... 85 to 89). Because the occurrence
of incidence from T2DM in those aged< 25 years is rare,
they were not considered in present study. The APC
model requires that age and period must be divided at
equal intervals. Therefore, period data is divided into
groups of 5years (1990 to 1994, 1995 to 1999...2015
to 2019). Since the birth cohort is defined by the age
of the subject and the date of the incident, that is,
cohort = period-age, the corresponding birth cohort is
1903 to 1907 (median, 1905) to 1988 to 1992 (median,
1990). When the age interval and the period interval are
equal in width, the diagonal line of the age-period-spe-
cific T2DM incidence rate two-dimensional contingency
table represents the birth cohort. The age groups form
the rows of the Additional file 2 and Additional file 3
and period forms the columns, the diagonal line from
the lower left corner to the lower right represents the
birth cohort. The age effects represent a differing risk of
the outcome associated with different age brackets; the
period effects represent variations in the outcome over
time that influence all age groups simultaneously; the
cohort effects are associated with changes of the out-
come across groups of individuals with the same birth
years. Net drift represents the overall log-linear trend by
period and birth cohort and indicates the overall annual
percentage change of the expected age-adjusted rates
over time; local drift represents the log-linear trend by
period and birth cohort for each age group and indicates
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the annual percentage change of the expected age-spe-
cific rates over time; the longitudinal age curve indi-
cates the expected age-specific rate in a reference cohort
adjusted for period effects [13].

The estimated parameters were obtained by the age-
period-cohort Web Tool provided by the National Cancer
Institute [14]. Wald chi-square tests were adopted for the
significance of the estimable parameters and functions.

Results

Trends in T2DM incidence

Table 1 and Fig. 1 show the trend of incidence of
T2DM in BRICS. In 2019, there were 192.58 million
patients with T2DM in BRICS. From 1990 to 2019, the
incidence rate of type 2 diabetes in BRICS rose from
152.9 per 100,000 to 280.2 per 100,000, with China
having the lowest growth rate of 63.6%, and India
having the highest growth rate of 110.9%. In 2019,
the incidence rate of T2DM in Russia was at the low-
est level among BRICS (191.3 per 100,000). The other
three countries: Brazil, India, and South Africa have
similar incidence rate of type 2 diabetes, all exceeding
300 per 100,000.

Additional file 2 and Additional file 3 show the num-
ber new of T2DM and incidence rate of T2DM by age,
period, and median birth cohort in BRICS. From 1990 to
2019, the incidence of T2DM in the BRICS countries has
generally increased. From 1990 to 2015, the incidence
rate of T2DM in China, Brazil, India, and South Africa all
increased significantly, and the incidence rate of T2DM in

Page 4 of 14

Russia increased more slowly than the other four coun-
tries. From 2001 to 2005, the incidence rate of T2DM in
China experienced a five-year rapid increase, with an
increase of 22.1% within five years (from 205.6 per 100,000
in 2001 to 251.0 per 100,000 in 2005). From 2015 to 2019,
the incidence rate of T2DM in India increased rapidly,
with an increase of 19.8% (from 252.6 per 100,000 in
2015 to 302.5 per 100,000 in 2019); The incidence rate of
T2DM in Russia has also experienced three years of rapid
growth during this period, from 171.2 per 100,000 in 2015
to 192.8 per 100,000 in 2017, and then the growth rate has
declined after 2018 (194.0/100000 people), the incidence
rate dropped to 191.3 per 100,000 people in 2019; During
the same period, the incidence rate of T2DM in China first
experienced a three-year negative growth, from 284.0 per
100,000 in 2015 to 257.4 per 100,000 in 2017 (a decrease
of 9.4%), and then a steady increase to 262.9 per 100,000
in 2019.

Age-specific incidence rates for T2DM

The present study arranged the incidence of T2DM into
consecutive 5-year periods from 1990 to 1994 (median,
1992) to 2015 to 2019 (median, 2017) and 19 consecu-
tive cohorts, including those born from 1903 to 1907
(median, 1905) to 1988 to 1992 (median, 1990). Figures 2,
3, 4, 5 and 6 show trends in T2DM incidence rate across
the BRICS countries from 1990 to 2019. Figure 4 shows
that the incidence rate trend of T2DM in Indian women
is roughly the same as that of men. For Russia and South
Africa, a similar conclusion can be drawn from Fig. 5 and
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Fig. 2 Age-specific incidence rates of T2DM by period in Brazil between 1990 and 2019. Note: Survey years were arranged into consecutive 5-year
periods from 1990 to 1994 (median, 1992), 1995 to 1999 (median, 1997), 2000 to 2004 (median, 2002), 2005 to 2009 (median, 2007), and 2010 to
2014 (median, 2012), and 2015 to 2019 (median, 2017). Longitudinal age curves were estimated by age-period-cohort model and indicated the
expected age-specific rate of T2DM incidence. The age-specific curve for women is shown in the A-block of each graph, while the age-specific
curve for men is shown in the B-block

Fig. 6. As can be seen from Fig. 2A, there are two peaks
on the curve, which correspond to the age groups 50 to
60 and 75 to 80. However, in Fig. 2B, the incidence rate
among Brazilian men aged 75 to 80 is not an extreme
point (except for the “1995-1999” curve). The difference
between men and women is also found in China, as can
be seen from Fig. 3.

Net drift and local drift in different age groups

Net drift indicates the overall annual percentage change
across the whole study period, whereas local drift indi-
cates the annual percentage changes in incidence rate
for each age group relative to the net drift (Fig. 7). The
overall net drift was similar in Brazil (0.37% [95%CI, 0.21
to 0.53]) and China (0.25% [95%CI, — 0.01 to 0.51]). The
overall net drift was similar in India (0.98% [95%CI, 0.76

to 1.21]), Russia (1.21% [95%CI, 1.10 to 1.31]), and South
Africa (1.00% [95%CI, 0.71 to 1.28]). This fact reflects
that the overall increase in incidence rate in India, Rus-
sia, and South Africa was higher than that in Brazil and
China across the study period. There were marked sex
differences in the overall annual change in India, with
more deterioration in incidence rate in women than in
men (1.26%[95%CI, 1.06 to 1.47] versus 0.68%[95%CI,
0.38 to 0.97], respectively).

Local drift reflects additional age variations in inci-
dence rate trends. For example, for the Chinese women
25 to 39years of age, local drift values are higher than
0, indicating deterioration in T2DM incidence. The
exception were people 45 to 65years of age in China
(—0.42% to —0.21%), people 75 to 89years of age in Bra-
zil (—0.81% to —0.32%), India (—1.13% to —0.29%), and
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Fig. 3 Age-specific incidence rates of T2DM by period in China between 1990 and 2019. Note: Consistent with the note in Fig. 2

South Africa (—2.42% to —0.22%). The worst deteriora-
tion was for men 55 to 59years of age in South Africa
(2.60%/y) and women 50 to 54years of age in South
Africa (2.39%/y), with the similar situation for women of
the same age in India (2.36%/y).

The local drift curves of Brazil and China first showed a
decrease and then an increase across the age, with India,
Russia, and South Africa showed an opposite trend.

Age-period-cohort effects on T2DM incidence rate

Figures 8, 9 and 10 show the estimated effects of age,
period, and cohort on the T2DM incidence rate.
Tables 2 and 3 shows the fitting formula for the longi-
tudinal age trend of incidence-age in the BRICS coun-
tries, while Table 2 corresponds to women and Table 3
corresponds to men. Accordingly, the goodness of fit
of each curve is also given in the table. The incidence
rate of T2DM in South Africa increases fastest with
age. Brazil, China, Russia, and South Africa all have a
rapid decline in T2DM incidence rate in the later years
of life. From the curve equation and Fig. 8, it is not

difficult to find that middle-aged people are more likely
to develop T2DM. The value of RR ;. ,,,,, . can also be
known from the data, which indicates the relative risk
for T2DM incidence rate in age group x compared with
age group 25-29. For example, RRg,_ ¢, wWere 7.966 for
women in Brazil, 4.78 for women in China, 18.28 for
women in South Africa.

As can be seen from Fig. 9, the period has similar
effect on the T2DM incidence rate in Brazil, India, Rus-
sia and South Africa: the rate ratio value of these coun-
tries is greater than 1, suggesting no improvements
for the whole population in the past decade. The effect
in the period 2015 to 2019 had a positive impact on
T2DM incidence in China. By comparing Fig. 9A and
Fig. 9B, it can also be seen that the negative impact of
period effects on South African women is slowly being
controlled after 2010. The period range for 2015-2019
corresponds to the rate ratio: 0.9969, which is less than
1.

In recent years, the cohort effect has adversely
affected the incidence rate of T2DM in the population
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Fig. 4 Age-specific incidence rates of T2DM by period in India between 1990 and 2019. Note: Consistent with the note in Fig. 2

of all BRICS countries. Brazil is less affected by cohort,
while India and South Africa are the ones most affected
by the cohort, and the incidence rate of births in India
and South Africa has been increasing gradually since
1935. For China and Russia, the cohort effect has a
beneficial effect on the incidence rate of people born
earlier.

Discussion

Although the incidence of T2DM in the Chinese and
Russian populations has experienced a period of decline
in the past five years, the data analysis of the past 30years
shows that this indicator has increased significantly
in the BRICS countries. In India the incidence rate has
increased by 110.9% (143.44 to 302.5) compared with
30years ago; even in China, where the incidence rate has
increased the least, the incidence rate has increased by
63.6% (160.72 to 262.5) in the past 30years. The present
study found that among people under 49, the incidence
rate of T2DM from all over the world increased with age;

and the incidence rate of T2DM in people aged 50-79
was significantly higher than that in other age groups.
Through APC model, we can know the effect of age,
period, and cohort on the incidence of T2DM in vari-
ous countries (Fig. 5). Period effects are generally related
to the social and economic environment. Cohort effects
represent changes across groups of individuals born in
the same years [5].

For China, age was a risk factor for T2DM. The inci-
dence rate of T2DM in people aged 55-59 and 60-64 is
more than 5 times that of 25-29years old. In Fig. 10A
and B, the curve representing China has a trough at
1960-1964, which may be explained by the 1959-1961
famine in China. As can be learned from existing stud-
ies, fetal and early childhood exposure to famine was
associated with obesity risk in adulthood, which may
further increase the risk of diabetes, including cardio-
vascular disease [15, 16]. According to China Noncom-
municable Disease Surveillance 2010, location was a
significant association with diabetes. Compared with
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rural areas, diabetes medications are more commonly
used in urban areas. Approximately two-fifths of dia-
betic patients in urban areas, but less than one-quarter
of diabetic patients in rural areas, were aware of their
diagnosis [17]. The lack of relevant professionals has led
to a very low level of integrative management in China,
a relatively complete diabetes integrative management
system is only deployed in a few large-scale hospitals
[18]. A recent nationwide survey in China, reported that
only one-third of the treated diabetes cases had achieved
adequate glycemic control, as opposed to three-quarters
in the United States [19]. The number of new T2DM
patients in China each year continued to increase until
2015, and it is higher than the other four BRICS coun-
tries. The imperfection of the public medical and health
system may be a reason for the gradual increase in the
effect rate ratio between 1990 and 2010 and the cohort
effect rate ratio after 1980. Further risks relate to greater
body mass index and a larger waist circumference,
with other significant associations being male gender, a

family history of diabetes, and increased systolic blood
pressure, low-density lipoprotein—cholesterol, and tri-
glyceride levels [20]. Both cigarette and alcohol use
were associated with a lower risk of diabetes [21]. Since
2011, the Chinese government has begun to implement
a series of response measures to improve public health.
For example, China’s 2030 Sustainable Development
Goals that include reducing noncommunicable disease
mortality by one-third and monitoring the changes over
time. This series of measures may reflect the period
effect rate ratio between 2010 and 2019 and the cohort
effect rate ratio before 1980. Nevertheless, the rapid eco-
nomic growth in recent decades brings about changes in
lifestyle which included increased high-calorie, high fat,
high-sugar, and high-sodium diets and decreased physi-
cal activity, all these suggest that the current situation is
not optimistic [21].

The incidence rate of T2DM in India also has a sig-
nificant unfavorable trend, especially for people over
25years of age. According to International Diabetes
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Federation (IDF), Diabetes Atlas (2015), 8.8% of adults
between the ages of 20 and 79 have been diagnosed with
diabetes, approximately 415 million. The period and
cohort effects have both risen sharply in 30years. An
existing study shows that unhealthy diet, obesity, lack of
exercise, serum triglycerides and low HDL cholesterol

can be used to explain 80% of the attributable risk of dia-
betes in the Indian population [20, 22]. The increase in
the incidence of T2DM is also affected by various behav-
iors under modern lifestyles, such as exposure to indus-
trial chemicals, smoking, lack of sleep, and depression
[23-25].
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Fig. 7 Local drift with net drift values for T2DM incidence rate in Brazil, China, India, Russia, South Africa from 1990 to 2019. Note: A-C use the same
set of legends; B and C are the result of data on women and men, respectively
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In South Africa, the cohort and period effects have
grown similarly to India in the past 30years. The inci-
dence rate of T2DM in South Africa increased from
148 (per 100,000) in 1990 to 306 (per 100,000) in 2019.
As mentioned in the previous discussion, diabetes is
well known to be associated with urban/rural location
[26-29]. Compared with people living in rural areas,
T2DM has a greater impact on the lives of people liv-
ing in urban areas [30]. The risk factors for diabetes
mellitus in the South Africa include age, smoking, HIV
status and community [31]. Particularly, the RRy,_¢,
were 18.28 for women in South Africa, which means
the risk of T2DM incidence rate in women aged 60 to
64 years is more than 18 times that of women aged 25
to 29years old. According to further results obtained
from other studies, of those with diabetes, individuals
who are more likely to have undiagnosed diabetes are

those who are older, from a lower household socio-eco-
nomic position and with a lower level of education. In
addition, there was strong evidence that BMI was asso-
ciated with diabetes. An existing study shows that the
highest risk groups were those of older age and those
with obesity [31].

Brazil has been experiencing a gradual increase in
the prevalence of T2DM over the last 3 decades, as
well as an increase in the prevalence of important risk
factors, such as obesity. The prevalence of DM in Bra-
zil is estimated to be a long-term upward trend, and
international estimates believe that it will increase
from 6 to 7.8% in 2030 [32]. An existing study shows
that the rates of overweight (BMI>25kg/ m? and
obesity are spreading among study subjects of all age
groups, genders and all income levels in Brazil, espe-
cially low-income families [33]. Specifically, over the
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past 36years, the excessive weight (BMI .25kg/ m?)
has risen from 16 to 50% in men and from 28 to 48%
in women, as seen in successive data from the House-
hold Budget Survey [34]. And over the past 6years,
the prevalence of obesity (BMI .30kg/ m?) has risen
from 8.9 to 12.5% in men and from 13.1 to 16.9% in
women [35, 36]. Furthermore, according to the con-
clusions of existing epidemiological studies, physical
activity may bring a range of health benefits, such as
slow the occurrence and progression of insulin resist-
ance and improve blood sugar control, blood pressure
and lipid characteristics [35, 36]. In Brazil, however,
an estimated 41% of adults are not sufficiently active.
so based on the above data, unhealthy lifestyle such as
physical inactivity may be considered important vari-
ables for T2DM and CVD [37].

Russia had an increasing number of T2DM patients
from 1990 to 2019. The incidence rate of T2DM in Russia
increased from 116.88 (per 100,000) in 1990 to 191.26 (per
100,000) in 2019. From 1990 to 2019, the period effect has
been on the rise, and faster than in the other four coun-
tries, high rates of smoking and obesity may explain this
phenomenon. According to a study of Middle East, Africa

and Russia, obesity is the most critical risk factor of T2DM
[38]. Further risks relate to increasing urbanization, as peo-
ple in urban areas are more exposed to air pollution [39].
In addition, BMI and age were both significantly higher in
rural areas versus urban areas [40], which may lead to dif-
ferences in T2DM prevalence in different regions, further
affecting risk factors attributed to urbanization [41].

To some extent, the BRICS are in the different stages of
health transition, which is reflected in the different trends
of each country. As mentioned in the previous discus-
sion, some of China’s social policies may have had a posi-
tive impact on the construction of public health. There
is a similar example in Brazil, various factors such as
the stable development of society brought about by eco-
nomic growth after 1994, the universal health care move-
ment from the 1970s to the 1980s, and the establishment
of BUHS, which provided free essential medicines for
diabetes control in 1990 [42]. In contrast, Russia and
India have not done enough in this regard, for example,
their lack of effective pre-screening for diabetes, which
makes it more difficult for clinicians to control diabetes,
and it is worth noting that Russia has not even estab-
lished a gestational diabetes detection system [43]. The
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Table 2 Estimated longitudinal age trend for women

Location Curve Equation R square
Incidence rate = a e_(w)2

Brazil a=3955%10"% b=64.51;c=2590 0.9045

China a=3.098%1073b=>57.29;c=18.77 0.9798

India a=2756%1073%b=67.72;c=29.46 0.7953

Russia a=2041%10"3b=64.79;c=21.24 0.9705

South Africa a=6.744%10"%b=67.24;c=2003 0.9540

Note: b indicates the age when the incidence rate in the positive fit curve peaks

Table 3 Estimated longitudinal age trend for men

Location Curve Equation R square
Incidence rate = a ef(m&m%ﬂgeib)z

Brazil a=3502%10"%b=6331;c=2338 0.9625

China a=2588%10"%b="57.33;c=2683 0.8832

India a=2697 %1073 b="5848;c=26.13 09171

Russia a=1377%10"%b=6083;c=2122 0.9053

South Africa a=4791%1073b=6592; c=1837 0.9569

Note: Consistent with the note in Fig. 2

active response of the health system and the construction
of social health consensus can effectively reduce the inci-
dence and prevalence of T2DM.

There are some limitations in this study. First, the
data used in this study comes from a single source, all
derived from the research results of GBD2019. This
secondary data does not fully reflect certain trends.
Second, the statistics object does not include the data
of people under 25years old. This is due to a priori
knowledge that T2DM occurs mostly in middle-aged
people, while ignoring the current situation that the
incidence of T2DM among adolescents worldwide has
become more and more intense in recent years. Based
on existing research for Chinese groups, a conspicu-
ous association between famine exposure during the
early-childhood period and an increased risk of hyper-
glycemia in adult women [44]. Third, although period
and cohort effects were estimated in this study, our
age-period-cohort analysis was based on the estimated
cross-sectional data of GBD from 1990 to 2019, which
was not a cohort study. Large cohort studies in different
countries are needed to establish location- and time-
specific relative risks.
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Conclusion

The incidence rate of T2DM in the BRICS countries has
been continuously rising for 30years. This trend has not
been curbed, although the incidence rate of T2DM in
middle-aged and older persons has decreased in recent
years compared to 10years ago, the risk of T2DM has
increased in the younger population. In addition, we
used the APC model to calculate the incidence over the
past 30years, and obtained age-period-cohort effect
equivalents in these five countries. Overall, the risk of
T2DM in middle-aged people is significantly higher than
in younger and older people, and in the population from
2005 to 2019 it is higher than in 1990-2005, and the
birth queue after 1945 is more likely to develop T2DM.

Abbreviations

T2DM: Type 2 diabetes mellitus; BRICS: Brazil, Russia, India, China, South Africa;
GBD2019: Global Burden of Disease Study 2019; NCD: Non-communicable
disease; YLDs: years lived with disability; APC: Age-Period-Cohort; BMI: Body
Mass Index.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-021-12485-y.

Additional file 1. The criteria for overall Diabetes Mellitus, Diabetes Mel-
litus Type 1 and Diabetes mellitus Type 2.

Additional file 2. Title: Number new of T2DM by age, period and median
birth cohorts in BRICS,1990 to 2019. Description: The file includes five
worksheets: ‘Brazil-Female, ‘Brazil-Male,'China-Female’ ‘China-Male, ‘India-
Female, India-Male, ‘Russian Federation-Female’ ‘Russian Federation-Male,
‘South Africa-Female, 'South Africa-Male' In each sheet, the data indicate
the number of new T2DM female/male patients in each specific age
group during the period. The diagonal line from the lower left corner to
the lower right represents the birth cohort.

Additional file 3. Title: Incidence rate of T2DM by age, period and median
birth cohorts in BRICS,1990 to 2019. Description: The file includes five
worksheets: ‘Brazil-Female’ ‘Brazil-Male! ‘China-Female’ ‘China-Male, ‘India-
Female, India-Male; ‘Russian Federation-Female’ ‘Russian Federation-Male,
‘South Africa-Female’ ‘South Africa-Male’ In each sheet, the data indicate
the incidence of T2DM per 100 000 men/women in each specific age
group during the period. The diagonal line from the lower left corner to
the lower right represents the birth cohort.

Acknowledgements
Thanks to the IHME, the group and organization that supports the data.

Authors’ contributions

PS wrote the manuscript text and prepared tables and figures. HW, XL,
and YM participated in the discussion of data analysis and put forward
many constructive comments on the method part of the text. JJ gave
guidance on the overall idea of the text, and collected the discussion part
of the information. CY made many precise and insightful requirements for
the details and diagrams in the text. All authors read and approved the
final manuscript.

Funding

This study was funded by the National Natural Science Foundation of China
(Grant No.81773552) and the National Key Research and Development Pro-
gram of China (Grant No. 2018YFC1315302).

Page 13 of 14

The above funding agencies did not provide a substantial role in research
design and data collection, analysis and interpretation, and manuscript
writing.

Availability of data and materials
Resources on the incidence of T2DM in each country, as well as national popu-
lation data, are available from http://ghdx.healthdata.org/gbd-results-tool

Declarations

Ethics approval and consent to participate
All methods are carried out in accordance with the relevant guidelines and
regulations (Declaration of Helsinki).

Consent for publication
Not applicable.

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

Author details

'Department of Epidemiology and Biostatistics, School of Public Health,
Wuhan University, #115 Donghu Road, Wuhan 430071, China. 2Department
of Global Health, School of Public Health, Wuhan University, Wuhan, Hubei,
China. >Global Health Institute, Wuhan University, #8 Donghu Road, Wuchang
District, Wuhan 430072, China.

Received: 22 July 2021 Accepted: 29 December 2021
Published online: 11 January 2022

References

1. Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al.
Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21
regions, 1990-2010: a systematic analysis for the global burden of disease
study 2010. Lancet (London, England). 2012;380:2197-223.

2. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al.
Global and regional mortality from 235 causes of death for 20 age groups
in 1990 and 2010: a systematic analysis for the global burden of disease
study 2010. Lancet (London, England). 2012,380:2095-128.

3. Weil AR.The growing burden of noncommunicable diseases. Health Aff
(Millwood). 2015;34:14309.

4. GBD 2017 Causes of Death Collaborators. Global, regional, and national
age-sex-specific mortality for 282 causes of death in 195 countries and
territories, 1980-2017: a systematic analysis for the global burden of
disease study 2017. Lancet (London, England). 2018;392:1736-88.

5. LiuX,YuCWangY,BiY, LiuY, Zhang ZJ. Trends in the Incidence and Mor-
tality of Diabetes in China from 1990 To 2017: a joinpoint and age-period-
cohort analysis. Int J Environ Res Public Health. 2019;16(1):158.

6. Collaborators, G. D. Global age-sex-specific fertility, mortality, healthy
life expectancy (HALE), and population estimates in 204 countries
and territories, 1950-2019: a comprehensive demographic analysis for
the global burden of disease study 2019. Lancet (London, England).
2020;396:1160-203.

7. United Nations Department of Economic and Social Affairs Statistics Divi-
sion. Welcome to UNSD. [https://unstats.un.org/home/].

8. United Nations Department of Economic and Social Affairs. Population. .
[http://www.un.org/en/development/desa/population/].

9. United Nations Department of Economic and Social Affairs. United
Nations demographic yearbook. New York: United Nations; 2019.

10. IPUMS USA. US. census data for social, economic, and health research. .
[https://usa.ipums.org/usa/l.

11. The University of Texas at Austin College of Liberal Arts. Welcome to the
Population Research Center (PRC). 2020.

12. GBD 2019 Causes of Death Collaborators. Global burden of 369 diseases
and injuries in 204 countries and territories, 1990-2019: a systematic
analysis for the global burden of disease study 2019. Lancet (London,
England). 2020;396:1204-22.


https://doi.org/10.1186/s12889-021-12485-y
https://doi.org/10.1186/s12889-021-12485-y
http://ghdx.healthdata.org/gbd-results-tool
https://unstats.un.org/home/
http://www.un.org/en/development/desa/population/
https://usa.ipums.org/usa/

Sun et al. BMC Public Health (2022) 22:65

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

Zou Z, Cini K, Dong B, Ma Y, Ma J, Burgner DP, et al. Time trends in cardio-
vascular disease mortality across the BRICS: an age-period-cohort analysis
of key nations with emerging economies using the global burden of
disease study 2017. Circulation. 2020;141:790-9.

Rosenberg PS, Check DP, Anderson WF. A web tool for age-period-cohort
analysis of cancer incidence and mortality rates. Cancer Epidemiol Bio-
markers Prev. 2014;23:2296-302.

Song C,Wang M, Chen Z,Yao Y, Feng G, MaY, et al. Fetal exposure to Chi-
nese famine increases obesity risk in adulthood. Int J Environ Res Public
Health. 2020;17:3649.

ShiZ, JiL, Ma RCW, Zimmet P, Early life exposure to 1959-1961 Chinese
famine exacerbates association between diabetes and cardiovascular
disease. J Diabetes. 2020;12:134-41.

Ning G, Bloomgarden Z. Diabetes in China: prevalence, diagnosis, and
control. J Diabetes. 2013;5:372.

Ye Q, Fu JF. Paediatric type 2 diabetes in China-pandemic, progression,
and potential solutions. Pediatr Diabetes. 2018;19:27-35.

Bragg F, Holmes MV, lona A, Guo Y, Du H, Chen Y, et al. Association
between diabetes and cause-specific mortality in rural and urban areas
of China. JAMA. 2017,317:280-9.

Anjana RM, Sudha V, Nair DH, Lakshmipriya N, Deepa M, Pradeepa R, et al.
Diabetes in Asian Indians-how much is preventable? Ten-year follow-up
of the Chennai urban rural epidemiology study (CURES-142). Diabetes
Res Clin Pract. 2015;109:253-61.

XuY,Wang L, He J, BiY, Li M, Wang T, et al. Prevalence and control of
diabetes in Chinese adults. Jama. 2013;310:948-59.

Shah VN, Mohan V. Diabetes in India: what is different? Curr Opin Endo-
crinol Diabetes Obes. 2015;22:283-9.

Minh NH, Minh TB, Kajiwara N, Kunisue T, Subramanian A, Iwata H, et al.
Contamination by persistent organic pollutants in dumping sites of Asian
developing countries: implication of emerging pollution sources. Arch
Environ Contam Toxicol. 2006;50:474-81.

Rimm EB, Chan J, Stampfer MJ, Colditz GA, Willett WC. Prospective study
of cigarette smoking, alcohol use, and the risk of diabetes in men. BMJ
(Clinical research ed). 1995;310:555-9.

Roopa M, Deepa M, Indulekha K, Mohan V. Prevalence of sleep abnor-
malities and their association with metabolic syndrome among Asian
Indians: Chennai urban rural epidemiology study (CURES-67). J Diabetes
SciTechnol. 2010;4:1524-31.

Danquah |, Bedu-Addo G, Terpe KJ, Micah F, Amoako YA, Awuku YA, et al.
Diabetes mellitus type 2 in urban Ghana: characteristics and associated
factors. BMC Public Health. 2012;12:210.

Deshpande AD, Harris-Hayes M, Schootman M. Epidemiology of diabetes
and diabetes-related complications. Phys Ther. 2008;88:1254-64.
Jayawardena R, Ranasinghe P, Byrne NM, Soares MJ, Katulanda P, Hills AP.
Prevalence and trends of the diabetes epidemic in South Asia: a system-
atic review and meta-analysis. BMC Public Health. 2012;12:380.

Levitt NS, Steyn K, Lambert EV, Reagon G, Lombard CJ, Fourie JM, et al.
Modifiable risk factors for type 2 diabetes mellitus in a peri-urban com-
munity in South Africa. Diabet Med. 1999;16:946-50.

van der Hoeven M, Kruger A, Greeff M. Differences in health care seeking
behaviour between rural and urban communities in South Africa. Int J
Equity Health. 2012;11:31.

Bailey SL, Ayles H, Beyers N, Godfrey-Faussett P, Muyoyeta M, du Toit E,

et al. Diabetes mellitus in Zambia and the Western cape province of
South Africa: prevalence, risk factors, diagnosis and management. Diabe-
tes Res Clin Pract. 2016;118:1-11.

Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of
diabetes for 2010 and 2030. Diabetes Res Clin Pract. 2010;87:4-14.

Dias PC, Henriques P, Anjos LAD, Burlandy L. Obesity and public policies:
the Brazilian government’s definitions and strategies. Cadernos de saude
publica. 2017,33:e00006016.

Pesquisa de Orca—mentos Familiares 2008—-2009: analise da disponibili-
dade domiciliar de alimentos e do estado nutricional no Brasil.,, Accessed
20 Oct 2014.

Hu FB, Sigal RJ, Rich-Edwards JW, Colditz GA, Solomon CG, Willett WC,

et al. Walking compared with vigorous physical activity and risk of type 2
diabetes in women: a prospective study. JAMA. 1999;282:1433-9.

Jeon CY, Lokken RP, Hu FB, van Dam RM. Physical activity of moderate
intensity and risk of type 2 diabetes: a systematic review. Diabetes Care.
2007,30:744-52.

Page 14 of 14

37. Santos AL, Weiss T, Duarte CK, Azevedo MJ, Zelmanovitz T. Critical analysis
of the American Diabetes Association dietary recommendations for
cardiovascular disease in diabetes mellitus. Arquivos brasileiros de endo-
crinologia e metabologia. 2009;53:657-66.

38. Assaad Khalil SH, Abdelaziz SI, Al Shammary A, Al Zahrani A, Amir A, Elkaf-
rawy N, et al. Prediabetes management in the Middle East, Africa and Rus-
sia: current status and call for action. Diab Vasc Dis Res. 2019;16:213-26.

39. Cheema A, Adeloye D, Sidhu S, Sridhar D, Chan KY. Urbanization and
prevalence of type 2 diabetes in southern Asia: a systematic analysis. J
Glob Health. 2014;4:010404.

40. Dedov |, Shestakova M, Benedetti MM, Simon D, Pakhomov |, Galstyan
G. Prevalence of type 2 diabetes mellitus (T2DM) in the adult Russian
population (NATION study). Diabetes Res Clin Pract. 2016;115:90-5.

41. Zare Sakhvidi MJ, Zare Sakhvidi F, Mehrparvar AH, Foraster M, Dadvand P.
Association between noise exposure and diabetes: a systematic review
and meta-analysis. Environ Res. 2018;166:647-57.

42. Arretche MTS. Politicas sociais no Brasil: descentralizacdo em um estado
federativo. Rev Bras Ciénc Soc; 1999.

43. Burumkulova FF, Petrukhin VA. Gestational diabetes mellitus: yesterday,
today, tomorrow. Terapevticheskii arkhiv. 2014;86:109-15.

44. Zhang, Liu X, Wang M, Song Y, Zhang L, You Y, et al. Risk of hyperglyce-
mia and diabetes after early-life famine exposure: a cross-sectional survey
in northeastern China. Int J Environ Res Public Health. 2018;15:1125.

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

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

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

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

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Time trends in type 2 diabetes mellitus incidence across the BRICS from 1990 to 2019: an age-period-cohort analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data sources
	Statistical analyses

	Results
	Trends in T2DM incidence
	Age-specific incidence rates for T2DM
	Net drift and local drift in different age groups
	Age-period-cohort effects on T2DM incidence rate

	Discussion
	Conclusion
	Acknowledgements
	References


