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Diabetes mellitus is one of the largest epidemics the world 
has ever faced (1). Globally, the number of people with 
type 2 diabetes mellitus has more than doubled over the 
past 20 years. The most recent global estimate from the 
International Diabetes Federation (IDF) is that in 2015 
there were 415 million people with diabetes and that 
by 2040 the number will be 642 million (2). The global 
health expenditure was estimated at US$673 billion. The 
IDF estimates of the number of people with diabetes, and 
therefore the economic costs to society, are imprecise and 
underestimate the disease burden (3). It is very likely that 
both are significant underestimates.

In the face of this information, there can be no doubt 
that the Peoples Republic of China is now the epicentre 
of this global diabetes epidemic (1). This is underlined by 
the recent report in the Journal of the American Medical 
Association (JAMA) “Prevalence and Ethnic Pattern of 
Diabetes and Prediabetes in China in 2013” (4). The 
findings follow those from the 2010 national study of 
113.9 million people which showed an estimated diabetes 
prevalence of 11.6% in adults 18 years and over (5). Along 
with this, the prevalence of prediabetes was 50.1% meaning 
that an estimated 113.9 million Chinese adults had diabetes 
and a further 493.4 million had prediabetes. 

If this was not of great concern to Chinese public health 
authorities, it should be with the report from Wang and 
co-workers providing the latest data from the larger 2013 
national survey of 170,287 adults. They found the estimated 
overall prevalence of diabetes was 10.9% and that of 
prediabetes was 35.7% (4). While the prevalence of total 

diabetes was 10.9%, diagnosed diabetes constituted only 
4% while the undiagnosed cases were 6.9%. This means 
that for every person with established known diabetes, there 
were almost two cases undiagnosed. It is noteworthy that 
complications of diabetes may be present a long time before 
the diagnosis is made (5). It would be an understatement that 
these new data represent a serious public health burden in 
China and the results have huge implications relating to the 
health, social and economic costs of diabetes to the nation. 

Whereas these results are slightly lower than those of 
the 2010 national study (6), the 2013 study sample was 
larger and included minority Tibetan and Muslim Chinese 
who had significantly lower prevalence of diabetes than 
Han participants (4). Tibetan and Muslim Chinese had 
significantly lower prevalence of diabetes than the majority 
Han community—14.7% for Han, 4.3% for Tibetan, 
and 10.6% for Muslim, respectively. This may be partly 
responsible for the lower overall prevalence. In addition, the 
authors noted another limitation in that that the rates may 
be different due to a different method of measuring glycated 
haemoglobin (HbA1c) (4). Another potential limitation 
of the study was that the researchers did not distinguish 
between type 1 and 2 diabetes.

Never-the-less, this means there were an estimated 
388.1 million Chinese adults with prediabetes in 2013. The 
high prevalence and numerical number of persons with 
prediabetes should give great concern. Prediabetes is a 
condition in which people have blood sugar levels that are 
higher than normal but not sufficiently high to diagnose 
type 2 diabetes (5). People with prediabetes are at higher 
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risk of developing type 2 diabetes and cardiovascular disease 
although this is not inevitable. Between 15 and 30 per cent 
of people with prediabetes are likely to develop type 2 
diabetes within five years (7). 

From a general point of view, diabetes rates in China 
have risen dramatically over the past decades (1). The 
prevalence of diabetes in Shanghai was less than 1% in 
1980 (8) and had increased ten-fold in some areas within 
two decades (1,9). Also in Qingdao, there was a substantial 
increase in diabetes between 2001–2002 and 2006 (10), 
11.3% for both men and women in 2001–2002, to 19.2% 
for men and 16.1% for women in 2006. Findings from a 
national 2007–2008 survey showed that at that time, China 
now had more people with diabetes than has any other 
nation in the world with approximately 92 million people 
affected (11). So how do we explain this dramatic rise in 
diabetes? The impact of these enormous numbers of people 
with diabetes within four decades could be compared 
to a major strength earthquake on the Richter scale, in 
geological terminology!

Clearly, China has gone through rapid changes since 
1980 when the low diabetes prevalence was reported 
in Shanghai (8). This dramatic, epidemic increase 
in diabetes may have a number of interrelated and 
interacting causes, many associated with industrialization 
and globalization with the consequential changes in 
lifestyle (1,12,13). But there is one other potential factor, 
the subject of increasing interest in epidemiology and 
public health, the impact of deleterious effect of the 
intrauterine environment and the resulting epigenetic 
changes that may also convey increased risk of type 2 
diabetes and other chronic diseases in adult life (1,13-15).  
These epigenetic changes can be transmitted to future 
generations (16) and therefore become intergenerational. 
A recent study has reported that in the Chinese Famine of 
1959-1961 compared with the offspring of non-exposed 
parents, the offspring with exposed parents had a 2-fold 
increased risk of hyperglycaemia in adulthood (17). 

The interest in early development and adult risk of 
diabetes goes back to a serious famine in the Netherlands, 
“The Dutch Hunger Winter Famine 1944-1945” (18) at the 
conclusion of World War 2. The famine occurred during 
the German occupation and exposed pregnant women to a 
very poor diet and consequent undernourishment in early 
pregnancy. Some 30 years later, a study in adult life of 
children born during the famine and whose mothers were 
undernourished in early pregnancy, were found to have 
higher rates of type 2 diabetes, obesity, hypertension (18), 

and schizophrenia (19). 
The ability of the cell to interpret extracellular stimuli 

such as hyperglycemia is essential to understand the 
metabolic memory involved (20). Cells stimulated under 
hyperglycemic conditions show dramatic changes in the 
histone code as well as genomic methylation. In line 
with its proposed role in conferring persistent epigenetic 
changes in experimental models, the clinical evidence has 
remained largely uncharted because of technological and 
computational limitations. Let’s reconsider The Dutch 
Hunger Winter Famine once more because of the role of 
time in decades (21). Individuals peri-conceptually exposed 
to the famine of 1944–1945 had significantly reduced DNA 
methylation on the imprinted insulin-like growth factor 
II (IGF2) gene when compared to unexposed siblings. 
Fundamental evidence for differential methylation was 
presented showing this association on the IGF2 gene six 
decades later was not observed for individual’s subject to 
famine late in gestation. This triggered the concept of early 
development events such as adverse maternal conditions 
increasing the risk of diabetes and other chronic disorders 
in adult life.

How might early developmental risk of diabetes in adult 
life apply to the epidemic in China? At the time of the 
famous Chinese Famine of 1959–1961 (22), diabetes was 
uncommon in in China. Yet, 50 years after this famine by 
2007, there were some 92 million people with diabetes (11)  
and by 2013, there were about 120 million Chinese 
with diabetes (4). It is likely that the famine has played a 
significant role, albeit not exclusively, in this type 2 diabetes 
epidemic, as well as other non-communicable diseases 
such as hypertension (15). The resulting intergenerational 
epigenetic transmission cycle appears to have operated in 
China to increase the risk of diabetes in this and future 
generations.

The epigenetic and intergenerational risk scenario 
presented here and elsewhere (13) poses huge social and 
economic problems to China and most nations in Asia and 
is likely a threat to national development through premature 
morbidity and mortality from chronic diseases (1,23).  
Research and actions which address prevention of diabetes 
cannot be confined to lifestyle measures alone such as 
used in the famous and landmark DaQing study (24) and 
prevention programs in Western nations (25) where the 
additional use of pharmaceutical agents such as metformin 
have been used. 

Because national estimates of the diabetes burden have 
important implications for future public health planning, 
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it is essential that they provide reliable data to understand 
and address the drivers of the epidemic (3). In particular, 
those relating to developmental origins of type 2 diabetes 
and its comorbidities should be included (13,14). This 
would provide a more comprehensive and far-sighted 
approach for prevention strategies to address this rising 
public health “tsunami.” This should include intervention 
strategies instituted in potential and already pregnant 
mothers to prevent malnutrition and paradoxically over 
nutrition, alcohol, smoking and other potential risk factors 
acting in utero. 

These interventions should supplement healthy nutrition 
and adequate physical activity for not only individuals 
but also society as important components to be included 
in future strategies for type 2 diabetes prevention (1). 
Unless drastic steps are taken through national prevention 
programs in China to curb the escalating trends, the 
social, economic, and health care challenges will be 
insurmountable. 

The Dutch Winter Famine (18) associated with 
increased risk of diabetes and the China Famine (17) with 
this national diabetes epidemic many decades later (4) 
hold an important and urgent public health warning for 
nations with or at risk of future famines. The warning is an 
emergency call to their public health authorities as well as 
international relief organizations. It is not currently “on the 
international radar” for them and may well affect the lives 
of millions of people in developing countries in the years to 
come. The famine now occurring in countries in the Horn 
of Africa provides an excellent example. It is timely that the 
United Nations (UN), the World Health Organization, 
and the UN Development Program and other NGOs who 
handle food relief during and after a famine take note of 
this pattern and the future health risks of the nature of their 
food handouts. 

“Diabetes begets diabetes”, that is the children of 
mothers with diabetes are at greater risk of obesity and 
diabetes (13). So it is that famines may increase risk of 
diabetes in adult life and future epidemics will be seen 
in those developing countries if and when they begin to 
prosper. The lessons learned from the Chinese famine 
send a clear message to international agencies that their 
emergency food relief needs to be tailored to the long-term 
benefits and not handicapped by perpetuating the risk of 
diabetes and other chronic diseases in adult life. The next 
major diabetes epidemics may occur in countries on the 
African continent, for example in the Horn of Africa, if we 
do not pay attention to the lessons of history which suggest 

the responsible and appropriate manner of handling the 
nutritional and social issues in terms of relief aid and food 
supplies.

Finally, the challenge for China is to tackle a health 
problem that affects a very large sector of their adult 
population. The resources required are formidable. 
Just from the aspect of individuals, there are potentially 
devastating and costly complications of diabetes such as 
diabetic eye disease leading to blindness, kidney disease 
leading to renal failure and dialysis, and heart disease and 
stroke. There are also associated comorbidities such as 
sleep apnea, fatty liver leading to cirrhosis, and depression. 
Professor Juliana Chan, arguably one of the most important 
leaders in diabetes care and research in China, has pointed 
out the health care systems in many developing areas are 
not designed to manage and support a person’s multiple 
health needs for 30 to 40 years or more (12). The costs of 
diabetes are largely those that address the prevention of, 
and management of diabetes complications (1).

China has a notable history being one of the world’s four 
ancient civilizations, and its written history dates back over 
3,000 years. More recent history now provides an important 
public health message for tackling the future burden of 
diabetes, its complications and associated chronic diseases. 
The imperative is to be addressing not only lifestyle 
measures for prevention of diabetes but also maternal and 
child health focusing on healthy early development of the 
fetus in utero to reduce the risk of diabetes in adult life to 
future generations. 

Never-the-less China, with and despite its booming 
economy, faces a huge public health problem and challenge 
from the diabetes epidemic which could bankrupt its health 
system. The big question now is how China can reverse the 
trend, and how it will develop the capacity to deal with a 
health problem of such “cyclonic” magnitude.
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