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 1 

Diabetes in India and Southeast Asia

Shashank R. Joshi, S. R. Aravind

Epidemiological Trends and Emerging Disease Burden 

Diabetes is a multisystem disorder associated with complications, and the prevalence of which 
is increasing globally. Diabetes imposes immense public health burden with unacceptably high 
burdens on individuals, their families, and national economies. As the urban–rural divide 
narrows consistently, it adversely affects the lifestyle of population. The rapid emerging economies 
of Southeast Asia (SEA) are a victim to the epidemiological transition which results in the shift-
ing of the disease burden from the communicable to the non-communicable diseases. Moreover, 
Asians have a strong ethnic and genetic predisposition for diabetes and have lower thresholds for 
the environmental risk factors. There are 387 million people with diabetes in the world with 78.3 
million people in the SEA region which is expected to rise to 131 million by the year 2040.

The last three decades have witnessed an epidemic rise in the number of people with diabetes, 
especially type 2 diabetes, and particularly in developing countries, where more than 80% of the 
people with diabetes live. The recent landmark study for the pooled analysis across 751 studies 
with 4.4 million adults from 200 countries published in Lancet reflects that between 1980 and 
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2014 the number of adults with diabetes in the world increased fourfold from 108 million to 422 
million. The increase has particularly been sharp in low- and middle-income countries. In 2014, 
50% of adults with diabetes lived in five countries: China, India, the U.S.A., Brazil and Indonesia. 
The prevalence of diabetes in adults more than doubled for men in India and China (3.7–9.1% 
in India, 3.5–9.9% in China) but increased by 80% amongst women in India (4.6–8.3%) but only 
50% in women in China (5–7.6%). The total number of adults with diabetes in India increased 
from 11.9 million in 1980 to 64.5 million in 2014. In China, the increase was from 20.4 million 
in 1980 to 102.9 million in 2014. While India contributed 15.3% of the global share of adults with 
diabetes in 2014, it was 24.4% for China. Across the region, approximately 72 million people have 
diabetes – close to one fifth of all adults with diabetes in the world. Overall, the rise of type 2  
diabetes in South Asia is estimated to be more than 150% between 2000 and 2035. 

Economic and the Societal Impact of the Complications

Diabetes is increasingly affecting individuals in the region in their most productive years (refer 
to Fig. 1). This will pose a challenge to governments working to improve the economic situation 
in their countries. The scenario poses huge social and economic problems to most nations in the 
region and could impede national and, indeed, global development. More than half of the deaths 
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Fig. 1: Age-wise prevalence of diabetes.
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due to diabetes occur in people under 60 years of age and one quarter in people under 50 years of 
age. India is the largest contributor to regional mortality, with 1.1 million deaths attributable to 
diabetes in 2015. Despite the huge number of people with diabetes in the Southeast Asia Region, 
health-care spending on diabetes was estimated to be only USD 6 billion, accounting for less than 
1% of the global total, with India estimated to have spent the largest proportion. The health-care 
spending appears to be low as government spending on healthcare is privatised less as predomi-
nant healthcare in India. There are an estimated 81,400 children under the age of 15 living with 
type 1 diabetes in the Southeast Asia region. Approximately 13,100 children developed type 1 
diabetes in the region during 2015. India is home to the second largest number of children with 
type 1 diabetes in the world (70,200), after the U.S.A., and accounts for the majority of the chil-
dren with type 1 diabetes in the region. More than half (53.2%) of these deaths occurred in people 
under 60 years of age. 

With an estimated 69.2 million people suffering from the condition, the largest in any country 
in the world, diabetes has become a major healthcare problem in India (refer to Figs. 2 and 3). 
Recent epidemiological studies from India point to the great burden due to diabetes and its micro-
and macrovascular complications. This is primarily because the status of diabetes control in India 
is far from ideal. Based on the available data, the mean glycated haemoglobin levels are around 
9% which is at least 2% higher than the goal currently suggested by International bodies. A bal-
anced approach to improve awareness about diabetes and its control both amongst patients and 
the medical fraternity is an urgent need of the hour in India. 20–24
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Fig. 2: Ten countries with the largest no. of diabetes in 1980 and 2014 [3].
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Factors Contributing to the Rapid Increase in Prevalence of Diabetes in 
Asia

Although ageing, urbanisation and associated lifestyle changes are the major determinants for the 
rapid increase, an adverse intrauterine environment and the resulting epigenetic changes could 
also contribute in many developing countries. More action is required to understand the drivers 
of the epidemic to provide a rationale for prevention strategies to address the rising global public 
health ‘tsunami’.

Urbanisation and Socioeconomic Transition

Diabetes burden in India is contributed by various factors. Genetic predisposition combined with 
lifestyle changes, associated with urbanisation and globalisation, contributes to this rapid rise of 
diabetes in India. The highest rates of urbanisation have been in Singapore, Korea, Malaysia, the 
Philippines and Indonesia (50%). China, Pakistan, India and Thailand have intermediate rates 
(30%) and Bangladesh and Sri Lanka have slow rates of urbanisation. The increase in urban pop-
ulation and ageing are the main determinants of the global rise in the prevalence of diabetes. 
Urbanisation and internal rural to urban migration result in several adverse impacts: physical 
activity decreases, diet habits shift towards high-energy foods and body mass index (BMI) and 
upper body adiposity increase considerably. The Indian Council of Medical Research (ICMR) 
study done in the 1970s reported a prevalence of 2.3% in urban areas which has risen to 12–19% 
in the 2000s. Correspondingly, in rural areas, prevalence rates have increased from around 1 to 

2015

Country/territory

1 China 109.6 million [99.6–133.4]

69.2 million [56.2–84.8]

29.3 million [27.6–30.9]
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11.5 million [6.2–13.7]
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Japan
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3

4

5
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7

8

9

10

Number of people
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an
k Fig. 3: Prevalence of diabetes in different 

countries (age 20–79 years) [1].
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4–10% and even 13.2% in one study. Thus it is clear that both in urban and rural India, prevalence 
rates of diabetes are rising rapidly with a rough urban–rural divide of 2:1 or 3:1 being maintained 
through the last two to three decades with the exception of Kerala where rural prevalence rates 
have caught up with or even overtaken urban prevalence rates. The postulates from the ICMR–
INDIAB study predicted for the burden of diabetes which projected that in 2011, India would 
have 62.4 million people with diabetes and 77.2 million people with prediabetes. 

Age

As compared to Western population, Asian Indians develop diabetes at a younger age with more 
prevalence at the age of 60–69 years, whereas in the Chinese population, it peaks at 79–89 years. 
Indians also have a higher prevalence of impaired glucose tolerance at a younger age than the 
Chinese population. The findings from Pakistan and Sri Lanka also show similar results. 

Anthropometry: Thin-fat Phenotype

It is observed that amongst Asians, diabetes occurs at lower body mass index (BMI) level than 
in Western population, and small increments in weight trigger glucose intolerance in susceptible 
subjects. Especially Asian Indians have higher odds of developing diabetes, despite having a sig-
nificantly lower BMI than the white population.

Several studies in Asian population, particularly in Asian Indians, have highlighted the ‘meta-
bolically obese’ phenotype amongst normal weight individuals. This phenotype, characterised by 
greater abdominal obesity despite a normal BMI, less muscle mass, higher percentage of body fat 
and increased propensity for insulin resistance compared with the Western population, renders 
higher susceptibility for diabetes in Asian population. 

The association of BMI and diabetes is well established and is usually modified by ethnicity. 
Ethnicity factors that contribute are genetic constitution, lifestyle, living environment and anthro-
pometric characteristics. Body composition related to fat distribution is a stronger determinant 
of the metabolic milieu than BMI. The diabetes epidemiology, collaborative analysis of diabetes 
criteria in Europe/in Asia study group noted that the overall effect of age on the prevalence of 
diabetes differed considerably between the ethnic groups, even in the subjects with the same BMI. 
Asian population are prone to have more intra-abdominal fat accumulation and low muscle mass. 
Asian Indians, in particular, have the above abnormalities which account for the high prevalence 
of insulin resistance and diabetes at low levels of BMI. The risk of diabetes increases progressively 
from a BMI of ≥23 kg/m2 amongst Indians. BMI in ≥ of 23 kg/m2 is also considered overweight 
for most Asian population. Asian Indians have small body size which has been named as ‘thin-fat 
Indian’. Asian Indians have thinner limbs, which are suggestive of smaller muscle mass. However, 
despite their thinness, they are centrally obese, with higher waist–hip ratio (WHR) and higher 
subscapular–triceps skinfold ratio than their British counterparts. Many studies show that Asian 
Indians have more body fat for any given BMI compared with Caucasians and black Africans. 
Indians also have higher levels of central obesity (measured as waist circumference [WC], WHR, 
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visceral fat and posterior subcutaneous abdominal fat). This is reflected in higher plasma non-
esterified fatty acid (NEFA) and triglyceride concentrations, hyperinsulinaemia with fasting as 
well as post-glucose challenge states and higher insulin resistance. Thus, Asian Indians have an 
unusual thin-fat body composition associated with the insulin resistance syndrome, and this is the 
now popular ‘thin-fat Indian’ concept. 

Smoking and Alcohol Use

Smoking increases the risk of central obesity and insulin resistance and the risk of diabetes is 
shown to be higher by 45% in smokers than amongst nonsmokers. The increasing use of alcohol 
in Asian countries, especially amongst the middle class and rural population, also increases the 
risk for diabetes and other metabolic diseases and deleterious health effects.

Genetic Susceptibility

The genetic burden on Asian Indians makes the population more susceptible to diabetes. This 
risk is further increased due to interaction with environmental triggers. Exposure to a high fat 
diet and lower levels of physical activity trigger the gene–environmental interaction. Both the 
thrifty genotype and thrifty phenotype hypotheses appear to be the aetiology. The selective pres-
ence of ‘thrifty genotypes’ has been considered to be advantageous in certain population during 
evolutionary selection by repeated famine and feast cycles. However, these genes have rendered 
them highly predisposed to obesity and diabetes during the modern era of continuous feasting. 
On the other hand, the ‘thrift phenotype’ hypothesis postulates that intrauterine malnutrition 
leads to metabolic and structural changes in the beta cells that are beneficial for early survival, but 
increases the risk of T2D and other chronic disorders in adulthood. 

Screening

The prevalence of the micro- and macrovascular complications also influences the mortality 
rate due to diabetes. Unfortunately, more than 50% of individuals with diabetes in India remain 
undiagnosed, and some may even present with macrovascular disease (coronary artery disease 
and cerebrovascular disease or stroke and peripheral vascular disease) and microvascular disease 
(retinopathy, nephropathy and neuropathy) at the time of diagnosis.

Data on various complications of diabetes have also been published by several authors. 
However, till recently, most of such data were hospital or clinic based and therefore subject to 
referral bias. The Chennai Urban Rural Epidemiology Study (CURES) and the Chennai Urban 
Population Study (CUPS) provide the first population-based data from India on virtually all com-
plications of diabetes. CURES was a population-based study involving 26,001 participants aged 
20 years or above based on a representative population of Chennai. The overall prevalence of  
diabetic retinopathy based on four-field stereo colour retinal photography was 17.6%. The  
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prevalence of overt nephropathy was 2.2% while that of microalbuminuria was 26.9%. Peripheral 
neuropathy based on biothesiometry was detected in 26.1%.

In the CUPS study, coronary artery disease was evident in 21.4% of diabetic subjects, 14.9% 
of subjects with impaired glucose tolerance and in 9.1% of people with normal glucose tolerance. 
In the same study, peripheral vascular disease was present in 6.3% of diabetic subjects compared 
to 2.7% amongst nondiabetic subjects. Diabetic subjects also had increased subclinical atheroscle-
rosis as measured by intimal-medial thickness at every age point, compared to their nondiabetic 
counterparts. Assuming that 40 million people in India have diabetes, this translates to at least 7 
million with retinopathy, 0.8 million with nephropathy, 10.4 million with neuropathy, 8.5 million 
with CAD and 2.5 million with PVD. Thus, the burden due to diabetic complications is very high 
in India due to the sheer number of people with diabetes. These figures are in fact very conserva-
tive, and it is possible that in rural areas, the prevalence of complications is much higher because 
of poorer control of diabetes and lack of access to healthcare.

Identifying accurate and low-cost screening methods is a necessary first step in assessing the 
cost-effectiveness of screening to detect undiagnosed diabetes. Indian Diabetes Risk Score (IDRS) 
is more effective and significantly less expensive for screening for undiagnosed T2DM compared 
to genotyping TCF7L2 SNPs, the strongest genetic marker for T2DM currently available. Using 
IDRS screening prior to OGTT reduces costs while still detecting a substantial portion of NDD 
individuals. A potential additional benefit of both the IDRS and genotyping is their ability to iden-
tify individuals who currently do not have diabetes but are at high risk of developing diabetes in 
the future. Thus an individual with an IDRS score of ≥60 at baseline was three times more likely 
to develop diabetes in the future than low-risk subjects (IDRS <30). 

Awareness of Diabetes in India

The awareness of diabetes is a cornerstone of the prevention of this disease. CURES reported 
that nearly 25% of the population was unaware of diabetes. Only around 40% of the participants 
felt that the prevalence of diabetes was increasing, and only 22.2% of the population and 41% 
of known diabetic subjects felt that diabetes could be prevented. Though the awareness levels 
increased with education, only 42.6% of postgraduates and professionals, which group included 
doctors and lawyers, knew that diabetes was preventable. The knowledge of risk factors of diabetes 
was even lower with only 11.9% of the study subjects reporting obesity and physical inactivity as 
risk factors for diabetes. More alarming was the fact that even amongst known diabetic subjects, 
only 40.6% were aware that diabetes could lead to some organ damage. There is another popula-
tion-based study which was done to find out the levels and details regarding awareness on diabetes 
in urban adult Indian population aged ≥20 years. The knowledge regarding the causes of diabetes, 
its prevention and the methods to improve the health was significantly low amongst the general 
population. In the total study group, 41% were unaware of the health being affected by diabetes, 
and only less than 30% knew about the complications related to kidneys, eyes and nerves. Many 
persons with diabetes (46%) felt it was a temporary phenomenon. Amongst the diabetic subjects, 
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92.3% had sought the help of a general practitioner to take treatment. Only a small proportion 
went to a specialist. 

Current Status of Diabetes Control in India

The next challenge in India is that the quality of diabetes care varies considerably depending 
upon the awareness levels, expertise available, attitudes and perceptions amongst diabetes care 
providers. An estimate based on sales of antidiabetic pharmaceutical agents shows that on an 
average only 10–12% of people with diabetes receive modern pharmacological treatment in India. 
In 1998, the DiabCare–Asia Study was carried out to investigate the relationship between diabe-
tes control, management and late complications in a subset of urban Indian diabetes population 
treated at 26 tertiary diabetes care centres. A total of 2,269 patients participated in this study 
and it was observed that approximately half of the patients had poor control (HbA1c >2% points 
above upper limit of normal), and the mean HbA1c was significantly higher (8.9 ± 2.1%) than the 
levels recommended by the American Diabetes Association and the ICMR guidelines in India. 
Over 54% patients had diabetes-related complications. The mean HbA1c levels and frequency of 
complications were higher in patients with longer diabetes duration. This study also showed that 
4% patients were on diet therapy, 53.9% were receiving oral antidiabetic agents (OHAs), 22% 
were receiving insulin and 19.8% were receiving a combination of insulin and OHAs. This study 
concluded that with increasing duration of diabetes, glycaemic control deteriorates leading to 
late complications. It also confirmed that diabetes care in India leaves much to be desired and 
suggested the need for efforts to increase awareness amongst health professionals to improve 
diabetes care.

Non-pharmacologic Approach for the Management of Diabetes

Lifestyle modifications are the cornerstone of management of diabetes mellitus and include the 
prescription of a healthy diet, regular exercise, the management of stress and avoidance of tobacco. 
The aims of dietary management are to achieve and maintain ideal body weight, euglycaemia 
and desirable lipid profile, to prevent and postpone complications related to diabetes and to 
provide optimal nutrition during pregnancy, lactation, growth, old age and associated conditions, 
e.g. hypertension and catabolic illnesses. Recently published STARCH study shows that Indians 
consume high carbohydrate in their diet compared to the Western population. The comparison 
of macronutrients (i.e. region-wise carbohydrate, fat and protein) revealed a similar pattern of 
dietary consumption, that is, high carbohydrate and a lower range of fat and protein. This study 
neutralises the myth that only the South Indian population consumes high carbohydrate in their 
diet (rice, idli, etc.). Dietary transition and a sedentary lifestyle have led to an increase in obesity 
and diet-related non-communicable diseases like T2DM, cardiovascular disease, etc. predomi-
nantly in urban, but also in rural areas. The dietary recommendations should be individualised 
according to the person’s ethnicity, cultural and family background and personal preferences 
and associated comorbid conditions. It should be flexible in a variety and preparation of food 
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choices and timing of meals according to the person’s daily routine. Both the National Institute of 
Nutrition and expert group [ 2 ] have developed some broad Indian guidelines which recommend 
reduction intake of carbohydrate, higher intake of fibre, lower intake of saturated fat, optimal ratio 
of essential fatty acids, slightly higher protein intake, lower intake of salt and restricted intake of 
sugar.

The role of regular physical activity is well established in the management in persons with 
type 2 diabetes. A careful assessment of an individual should be made by the physician while 
incorporating an exercise programme in the management. Exercise programme should be indi-
vidualised according to the individual capacity and disabilities. The person with diabetes must 
wear appropriate footwear. 

‘Clinical Inertia’ in Diabetes: Failure to Achieve Tight Control

Failure of initiation of or intensification of therapy, when indicated, is termed ‘clinical inertia’. 
Though we have well-defined management goals, effective therapies and practice guidelines, there 
is often a failure to take appropriate action despite recognition of the problem. This is a common 
problem in the management of patients with asymptomatic chronic illnesses. The use of ‘soft’ 
reasons to avoid intensification of therapy and lack of education, training and practice organisa-
tion aimed at achieving therapeutic goals are the common reasons for clinical inertia. Clinical 
inertia in achieving glycaemic targets in Indian diabetic subjects could be expected to be even 
more than in the West, where it has been reported that 65% of the patients diagnosed with dia-
betes, only 73% are prescribed pharmacologic therapy and only 33% of those treated achieve a 
haemoglobin A1C value of less than 7% by the ADA goal. This may be due to the low rates of 
awareness of diabetes and its complications in India resulting in poor glycaemic control seen in 
Indians with diabetes. Moreover, other factors like poverty, lack of accessibility to health services 
and inadequate follow-up are additional factors in developing countries like India.

Consequently, insulin is delayed until it is absolutely necessary. Most patients are initiated on 
insulin after a course of multiple oral antidiabetic drugs. Insulin therapy is initiated only when the 
HbA1c levels had deteriorated further to around 9%. Physicians often delay insulin therapy wor-
rying that the daily injections, modification of lifestyle due to insulin and dependence on insulin 
for life and that patients may feel that insulin therapy indicates the last stage of diabetes. However, 
patients who had moved on to insulin seemed to have a more positive approach towards his/her 
treatment due to the improvement in quality of life and better control despite the issues outlined 
above.

Pharmacologic Therapy in Diabetes: is it Different?

A proactive approach to treating type 2 diabetes is recommended: therapy should be individual-
ised with early consideration of combination therapy and ongoing reinforcement of lifestyle mod-
ification messages. Indeed, the conservative stepwise approach to type 2 diabetes management 
involves lifestyle modification, followed by treatment with a single oral antidiabetic agent, often 
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up-titrated to maximal recommended doses before combination therapy is introduced. Very often 
there is a delay between stepping up from monotherapy (e.g. metformin alone) to combination 
therapy (e.g. metformin plus other OADs, often sulphonylurea), and this can result in unaccep-
table delays in achieving and maintaining glycaemic goals with the potential for long periods of 
hyperglycaemia. Periods of hyperglycaemia long or even short can increase the risk of micro- and 
macrovascular complications. The current understanding of the complex pathophysiology of the 
disease and the progressive deterioration in glycaemic control over time supports the philosophy 
of earlier intervention with a more comprehensive initial therapy. The major classes of antidiabet-
ic agents that may be combined with metformin include sulphonylurea (SU), thiazolidinedione 
(TZD), dipeptidyl peptidase-4 inhibitor (DPP4-i), insulin and glucagon-like peptide-1 (GLP-1) 
receptor agonist. Few studies have investigated the effect of metformin-based early combination 
therapy. There are several different types of insulin available, but as a minimum, regular quick-
acting human insulin and longer-acting NPH insulin should be available to everyone in all parts 
of the world.

In India, which is a resource-limited country, all therapies are available and it is a predomi-
nantly non-reimbursed market. Usually sulphonylureas, metformin, alpha glucosidase inhibitors 
and glitazone form the cornerstone of therapy with insulin. However, recently gliptins including 
the low-cost one as well as SGLT2 inhibitors are also available. Biosimilar insulin is also available 
but not popular and premixed insulin is still used widely. Cost and dose play a role in resource-
limited environment. Indian usually requires lower doses and is more insulin resistant. 

Translating Primary Prevention of Diabetes

The Indian Diabetes Prevention Programme (IDPP) has been a unique prospective study which 
has provided several pathways and strategies for the prevention of diabetes in India including 
the importance of the lifestyle modification and metformin which independently could reduce 
the incidence of diabetes in Asian Indians with impaired glucose tolerance. Also, these have 
been proposed as the cost-effective benchmarks amongst high-risk individuals with high degree 
of insulin resistance and may be useful in other developing countries as well. It is important to 
control the persistent IGT as it is demonstrated to add to the higher incidence of diabetes with 
other risk factors for diabetes, such as high BMI, waist circumference and body fat percentage. 
In a recent collaborative work across South Asia, Latin America and South Africa to compare the 
prevalence, awareness, treatment and control of diabetes and assess the relationship between dia-
betes and prediabetes with known cardiovascular and metabolic risk factors, it has been demon-
strated that propensity for South Asians to develop diabetes and prediabetes at a younger age and 
lower body mass index compared with individuals from other low- and middle-income countries. 
Therefore, it is important that the long-term impact and the complications are prevented, and 
the health systems and policy makers must make concerted efforts to improve diabetes preven-
tion and detection in the targeted population. Ramachandran A et al. have suggested that it is 
important to develop precise predictors for incident diabetes amongst Asian men. The analysis 
of the data from the combined cohorts of the Indian Diabetes Prevention Programmes 1 and 2  
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demonstrates that the baseline HbA (1c) was highly predictive of future diabetes in Asian Indian 
subjects with impaired glucose tolerance and nearly 60% of the incidence occurred with values 
≥6.0. Diagnostic sensitivity of ≥6.5% for new diabetes was only 51% using the oral glucose tolerance 
test as the standard for comparison. The combination of gamma-glutamyl-transferase (GGT) and 
fasting plasma glucose (FPG) offers a simple and sensitive tool to identify subjects at high risk of 
developing diabetes. Similarly, several other markers including adiponectin, IL-6, retinol-binding 
protein 4, and hypertriglyceridaemic waist phenotype have been proposed to independently asso-
ciate with incident diabetes. Prospective, intervention studies have demonstrated that increased 
compliance to lifestyle goals especially with the modification of the diet habits, independent of 
the physical activity, could result in the decrease in the incident of prediabetes. The mechanistic 
insights now ascribe these benefits through improvement in insulin sensitivity and beta-cell pres-
ervation. Prospective, parallel-group, randomised controlled trial across close to 9,000 subjects 
have demonstrated that mobile phone messaging is an effective and acceptable method to deliver 
advice and support towards lifestyle modification to prevent type 2 diabetes in men at high risk. 
Evidence from the DPP, and other prevention trials conducted in patients with prediabetes, shows 
that appropriate lifestyle modification including physical activity could lead to risk reduction in 
the incidence of T2DM by almost 58%. Studies have shown that resistance and aerobic exercise 
is effective in improving metabolic profile of adults with T2DM. Previous research has reported 
improved insulin sensitivity/resistance and reductions in hyperglycaemia-related medications as 
a result of exercise training. In particular, supervised resistance training (max. ten repetitions for 
>3 days per week) has been shown to lead to significant improvement in insulin sensitivity and 
values of glycosylated haemoglobin, lipid profile and truncal and peripheral subcutaneous adipose 
tissue in Asian Indians with T2DM. It has been reported that children and adolescents with type 1 
diabetes should complete a minimum of 30–60 min of moderate-intensity physical activity daily. 
Additional physical activity beyond 60 min/day would be helpful in maintaining glycaemic profile 
for T2DM patients. The practice of yoga is a traditional Indian practice that helps therapeutically 
and promotes physical and mental health. Yoga-based lifestyle modification programme helps 
in the reduction of blood glucose, HbA1c, triglycerides, total cholesterol and VLDL. Mindfulness 
eating and yoga exercise had health benefits on glycaemic control in pregnant women with GDM 
in some studies. Yogic exercises have enhanced the antioxidant defence mechanism in diabetics by 
reducing oxidative stress. Unless drastic steps are taken through national prevention programmes 
to curb the escalating trends in all of the countries, the social, economic and health-care chal-
lenges are likely to be insurmountable. 

Organising and Conducting Diabetes Research in the Region 

Research Society for the Study of Diabetes in India (RSSDI) is the largest organisation of diabetes 
health-care professionals and researchers in Asia, which was formed in 1972. Currently, there are 
more than 5,500 life members from across the country representing 29 Indian states and Union 
territories. Every year, RSSDI organises the national annual meeting, which not only provides a 
platform for its members to listen to the leaders in the field of diabetes from within the country as 
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well as from abroad but also to interact amongst themselves and exchange knowledge and ideas. 
Annual meetings of RSSDI have been a regular feature for more than four decades and are very 
well attended. RSSDI has a nationwide presence through its 14 state chapters. All state chapters 
carry on the work of RSSDI at the state and local level. In addition, these chapters carry out inde-
pendent activities including CMEs for member physicians, local research grants and awareness 
programmes for public as well as diabetes patients. RSSDI regularly publishes a newsletter, both 
in print and electronic format, which serves as an important link between the national body and 
its membership to keep the members informed of various activities, research grants and educa-
tional initiatives. The International Journal of Diabetes in Developing Countries (IJDDC) is the 
prestigious indexed publication of RSSDI and is an important resource of research work done in 
the field of diabetes in India. RSSDI funds research proposals from Indian scientists interested in 
conducting research in the field of diabetes mellitus. For providing research grants, RSSDI invites 
proposals from Indian scientists interested in conducting original research in the field of diabetes 
mellitus. Furthermore, limited grants are also available for the students of medical colleges for 
smaller projects. Recently, RSSDI has developed a simple user-friendly novel approach to decide 
the appropriate antidiabetic agent to be used in type 2 diabetes through the ‘therapeutic wheel’. 
The best choices can be determined from the outer rings of the wheel (orange and red), and the 
choices can be further streamlined by an ‘individualised approach’ (Fig. 4). 

Fig. 4: The RSSDI therapeutic wheel.
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Future Directions: Unmet Needs, Unanswered Questions and 
Unquestioned Answers 

There have been rapid epidemiological transitions translating into a huge disease burden in dia-
betes in the SEA region. Prevention of diabetes through consistent awareness about the disease in 
population would be a critical step forward which would have tremendous implications that halt 
the progress of disease. One of the global targets for noncommunicable disease is to halt by 2025 
the rise in the prevalence of diabetes to its 2010 levels. A better understanding for the basis for 
the gene–environment interaction, in which beta-cell dysfunction, typically on the background 
of insulin resistance, is critical for the increase in glucose levels observed in impaired glucose 
metabolism and for the development of the hyperglycaemia of type 2 diabetes, would be explored 
to target effective therapies. Prevention is of utmost importance, but for the more than 420 million 
people currently living with diabetes, managing their disease must remain the priority. The recent 
WHO’s report recommends a multidisciplinary approach with patient education, medication and 
consistent follow-up. For primary prevention, the challenge lies in raising awareness, promoting 
health literacy and identifying individuals at high risk of diabetes for early intervention. For sec-
ondary prevention, poor access to care, clinical inertia and treatment non-adherence are major 
barriers in evidence-based practice. Given the phenotypic heterogeneity of diabetes, and thus the 
pluralistic needs of those affected, clinical acumen to identify problems and sufficient contact 
time to empower the person to change behaviour and adhere to treatment are key to successful 
management.

Screening in young-onset diabetes in India for CV risk factors and complications would be 
vital to curb the impact of the microvascular and macrovascular complications. This has been 
clearly demonstrated in the landmark CINDI and CINDI 2 trials published recently for the clinic-
based survey amongst 4,600 patients for diabetes-related complications and a retrospective cross-
sectional study of 1,500 patients with newly detected young-onset diabetes, respectively. 

Conclusions

Considering the enormous burden due to diabetes in India, it is important to realise the cost-
effective measures of diabetes care like early screening, tight metabolic control, monitoring of 
risk factors and assessing of the organ damage. The study done for economic analysis in diabetes 
care in India has also shown that the cost of providing routine care is only a fraction of the overall 
cost and is perhaps still manageable. However, when this is not available or its quality is poor, the 
overall direct and indirect costs escalate with disastrous health and economic consequences to the 
individual, his family and society particularly due to the onset of the micro- and macrovascular 
complications of diabetes. Published data from several epidemiological, experimental human and 
animal studies as well as the data from several megatrials have convincingly proved the importance 
of tight metabolic control in arresting and preventing the progression of target organ damage. In 
the last two decades, there is a better understanding of the pathophysiology of type 2 diabetes 
and availability of newer oral drugs for diabetes; newer insulin and improved delivery systems 
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should translate to improve diabetes control. However, the survey described above indicates the 
gaps between the guidelines and real-life practice. In view of this, appreciation and understanding 
of both patient and physician barriers regarding proper monitoring and judicious use of thera-
peutic options including insulin therapy for optimising diabetes management should be encour-
aged in order to improve control of diabetes in India. Result-oriented organised programmes 
involving patient education, updating medical fraternity on various developments in the manage-
ment of diabetes and providing them the opportunity to use and analyse these newer treatment 
options in the form of observational studies are required to combat the diabetes epidemic cur-
rently threatening to affect the lives of millions of people in India. Coordination, patient education 
and ongoing support are important components of quality diabetes care, but most health-care 
systems are created to provide acute and episodic care rather than chronic care. The effectiveness 
of team-based chronic care management is well established but not widely implemented. Thus, the 
challenge lies in designing alternative care models that identify people with undetected diabetes, 
define individual needs, provide interdisciplinary care and measure effectiveness to make diabetes 
prevention and control programmes accessible, affordable and sustainable. It is time to evaluate 
existing policies to address diabetes and devise a strategy and accountability framework for short-, 
medium- and long-term solutions to address the growing unmet needs in diabetes prevention and 
control. Immediate action is needed to avert this escalating health disaster. 
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Continuous Glucose Monitoring and Glycemic 
Variability

J. Zhou, W. Jia

Continuous glucose monitoring (CGM) technology can comprehensively and accurately reflect 
the characteristics of glycemic variability. Currently, research on glycemic variability using CGM 
is one of the hot spots (Fig. 1). Previously, we have analyzed the glucose profiles of individuals 
with different glucose tolerances by reviewing retrospective CGM data, and here are some of our 
findings: (1) despite the influence of various factors, the fasting plasma glucose (FPG) usually 
fluctuates between 3.9 and 5.6 mmol/L by the regulation of the nervous and endocrine systems 
and the liver. The blood glucose levels begin to rise about 10 min after meal intake, due to the 
absorption of carbohydrates in the diet. The peak postprandial blood glucose level and duration 
time are associated with a variety of factors such as eating time and the amount and content of 
food intake. Usually, the blood glucose concentration peaks at 1 h after eating and returns to the 
premeal level after 2–3 h. The intraday and inter-day blood glucose excursions were reported to be 
approximately 2.0 mmol/L and 0.8 mmol/L [1]. (2) The intra-day glycemic variability of patients 
with impaired glucose tolerance was significantly increased by 50%, as compared with that of 
those with normal glucose tolerance. However, no significant difference in the inter-day glycemic 
variability was found [2, 3] (Fig. 2). (3) Once the patients were diagnosed as diabetes, the intra-
day glycemic variability was further increased, accompanied by significantly increased inter-day 
variability, which are 3- and 2.5-fold increased, respectively, as compared to that in individuals 
with normal glucose tolerance. However, no significant difference was found in the frequency 
of intraday glycemic variability [3] (Figs. 3 and 4). (4) Due to a lack of early-phase insulin secre-
tion, the postprandial glucose concentration excessively rises and lasts for a long time, with pre-
dominant hyperglycemia after breakfast [1]. (5) Glycated hemoglobin A1c (HbA1c) represents the 
overall level of blood glucose but does not reflect the characteristics of glycemic variability. The 
mean amplitude of glycemic excursion (MAGE) and mean of daily differences (MODD) obtained 
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Fig. 1: The main content of CGM-based research on glycemic variability.

Fig. 2: The CGM profiles of one case of impaired glucose tolerance (a) and one case of normal glucose tolerance (b).
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Fig. 3: The CGM profiles of one case of type 2 diabetes mellitus (a) and one case of normal glucose tolerance (b).

Fig. 4: The characteristics of glycemic variability in individuals with different state of glucose tolerance using CGM. 
Note: The blood glucose levels fluctuate with small amplitudes in healthy individuals. However, individuals with 
impaired glucose tolerance exhibited increased glycemic variability compared with normal individuals, and the 
overall glucose level and glycemic variability were significantly increased in type 2 diabetes patients.
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in CGM glucose profiles can accurately reflect the magnitude of intraday and inter-day glycemic 
variability of subjects. Both parameters may serve as clinical parameters for assessing whether 
type 2 diabetes patients achieve the target glycemic control [2]. 

Relationship Between Glycemic Variability and Diabetic Microvascular 
Complications 

With advances in CGM technology, further investigation is carried out to explore the relationship 
between glycemic variability and diabetic microvascular complications. Šoupal et al. [4] found 
that standard deviation of blood glucose (SDBG) calculated from CGM data was associated with 
diabetic microangiopathy in 32 type 1 diabetes patients. Similarly, Sartore et al. [5] reported a cor-
relation between SDBG and the development of diabetic retinopathy by analyzing the CGM data 
from 68 type 1 or type 2 diabetes patients. We previously investigated the relationship between 
glycemic variability and microalbuminuria in 176 type 2 diabetes patients with an HbA1c <6.5% 
(48 mmol/mol) and found that the glycemic variability was very different among these patients 
(Fig. 5). More than half of the patients presented abnormal glycemic variability, which were associ-
ated with increased risk of microalbuminuria (Fig. 6), indicating that glycemic variability is a risk 
factor of the occurrence of microalbuminuria in type 2 diabetes [6]. Nevertheless, the Diabetes 

Fig. 5: The CGM profiles of two cases of type 2 diabetes with HbA
1c

 <6.5% (48 mmol/mol) [6]. Note: (a) HbA
1c

 6.4% (46 
mmol/mol), MAGE 3.0 mmol/L; (b) HbA

1c
 6.2% (44 mmol/mol), MAGE 0.9 mmol/L.
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Control and Complications Trial (DCCT) results show that glycemic variability is not an inde-
pendent risk factor for complications. Lachin et al. [7] published an article, demonstrating that 
only the M-value is correlated to microalbuminuria but not retinopathy. At present, however, the 
correlation between glycemic variability and diabetic microvascular complications still remains 
undetermined. 

Relationship Between Glycemic Variability and Diabetic Macrovascular 
Complications

The relationship between glycemic variability and macrovascular complications has also been a 
hot research topic in recent years. In the study performed by Chen et al. [8], 36 type 2 diabetes 
patients were classified into two groups according to the levels of carotid intima-media thick-
ness (IMT) as patients with or without atherosclerosis. Compared to controls, the MAGE level 
calculated from CGM data was gradually increased with the progression of atherosclerosis. Also, 
the carotid IMT was correlated with age, duration of diabetes, and MAGE by Spearman’s correla-
tion analysis. Another study showed that during the DCCT, MBG was a better predictor of the 
macrovascular complications of type 1 diabetes than HbA1c [9]. These findings suggested that 
glycemic variability is an important factor contributing to the progression of atherosclerosis in 
type 2 diabetes patients. 

Fig. 6: The detection rate of microalbuminuria in type 2 diabetes with HbA
1c

 <6.5% (48 mmol/mol) who had normal 
or abnormal glycemic variability [6].
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Also, we conducted a cross-sectional study in 216 type 2 diabetes patients to investigate the 
relationship between glycemic variability and macrovascular complications [10]. Magnetic reso-
nance angiography (MRA) was applied to detect the severity of arterial stenosis, and ultrasonog-
raphy was used to quantify carotid IMT as an index of subclinical atherosclerosis. Subcutaneous 
interstitial glucose concentrations of patients were monitored continuously for 3 days using the 
CGM system. The results revealed that age, increased systolic blood pressure, and increased mean 
blood glucose (MBG), but not glycemic variability, were independently related to atherosclerotic 
stenosis. In patients without cervical and/or intracranial lesions evaluated by MRA, SDBG and 
MAGE were both significantly related to carotid IMT (Figs. 7 and 8), revealing the intriguing pos-
sibility that glycemic variability plays a key role in the subclinical stage of atherosclerosis. Su et al. 
[11] analyzed the contribution of MAGE, blood glucose, and HbA1c to the major adverse cardiac 
events in 222 patients with acute myocardial infarction. CGM system was used for 48 consecutive 

Fig. 7: Examples of the CGM profiles and carotid IMT measurements of two cases of type 2 diabetes patients with 
different glycemic variability. Note: (a) carotid IMT 1.0 mm, MAGE 7.99 mmol/L, SDBG 3.43 mmol/L; (b) carotid IMT: 0.6 
mm, MAGE: 3.06 mmol/L, SDBG 1.42 mmol/L. carotid IMT carotid intima-media thickness, MAGE mean amplitude of 
glycemic excursion, SDBG standard deviations of blood glucose
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hours after admission. Based on the cutoff reference value of MAGE as 3.9 mmol/L established by 
our previous study [12], patients were divided into two groups as high MAGE (≥3.9 mmol/L) or 
low MAGE (<3.9 mmol/L). The results demonstrated that MAGE was independently correlated 
with the incidence of major adverse cardiac events. Similar findings were obtained by Wang et al. 
[13]. In another study performed by Su et al. [14], coronary artery angiography was performed 
in 344 type 2 diabetes with chest pain, and the Gensini score was calculated to assess the sever-
ity of coronary artery disease. The results demonstrated that MAGE, calculated from CGM data, 
was the most distinct independent predictor of coronary artery disease. In addition, in a study 
of 22 type 1 diabetes patients, MAGE was independently correlated with the change in aortic 
diastolic pressure during hyperglycemic clamp, suggesting the involvement of daily glucose vari-
ability in the progression of macrovascular disease [15]. In 2006, Monnier et al. [16] found that 
urinary 8-iso prostaglandin F2α excretion rates, an indicator of oxidative stress, were higher in 
type 2 diabetes patients than in healthy controls, and it was significantly correlated with MAGE 
(r = 0.86, P < 0.001). Thus, they concluded that MAGE is an important parameter reflecting gly-
cemic variability [17], and glycemic variability is involved in macrovascular complications [18]. It 
is noted that Xu et al. [19] found a significant relationship between MAGE and cardiac autonomic 
neuropathy in newly diagnosed type 2 diabetes, which demonstrating that glycemic variability is 
an important risk factor for cardiovascular autonomic neuropathy. Therefore, persistent hyper-
glycemia (including basal hyperglycemia, postprandial hyperglycemia) and glycemic variability 
(postprandial hyperglycemia or hypoglycemia) are both involved in macrovascular complications 
development through different mechanisms (Fig. 9). 

Fig. 8: The correlation between glycemic variability and carotid IMT in 63 type 2 diabetes patients without 
atherosclerotic stenosis as determined by cranial/cervical magnetic resonance angiography [10] (Reprint from 
Cardiovascular Diabetology). Note: IMT intima-media thickness, SDBG standard deviations of blood glucose, MAGE 
mean amplitude of glycemic excursion
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Relationship Between Glycemic Variability and Islet Function

Currently, impaired insulin secretion and/or decreased insulin sensitivity are generally accept-
ed as basic pathophysiological characteristics of diabetic patients. Islet β-cell function plays an 
important role in the progression of diabetes mellitus, and its dynamic changes in “quality” and 
“quantity” have crucial impact on the regulation of blood glucose and the occurrence of chronic 
complications. We previously analyzed the relationship between glycemic variability and patho-
physiological state in 339 healthy subjects with normal glucose regulation [20]. The results 
showed that early-phase insulin secretion (expressed as ΔI30/ΔG30) was significantly different 
among healthy subjects with different MAGE values, whereas basal insulin secretion and insulin 
sensitivity were not significantly different (Fig. 10). The correlation analysis showed that glycemic 
variability was negatively correlated with early-phase insulin secretion (Fig. 11), indicating that 
excessive glycemic variability was associated with poor islet function. These data suggested that 
early changes in islet function could impact glycemic variability. Our previous CGM data from 
type 2 diabetes patients with HbA1c <6.5% (48 mmol/mol) showed that glucose profiles could 
greatly differ even among those with HbA1c controlled within the target range. In addition to 
the duration of diabetes, the postprandial 30-min serum C-peptide level was also an independ-
ent factor, which to a certain extent reflects early-phase insulin secretion in type 2 diabetes [6]. 
These findings were further proven by Kohnert et al. [21], who conducted a study including 59 
type 2 diabetes patients (age 64.2 ± 8.6 years old; HbA1c 6.5 ± 1.0% (48 ± 11 mmol/mol); body 
mass index [BMI] 29.8 ± 3.8 kg/m2) using either oral hypoglycemic agents (n = 34) or diet control 
alone (n = 25). The glucose profiles obtained from CGM measurements recorded over 3 consecu-
tive days were analyzed. Postprandial β-cell function and basal β-cell function were measured by 
an insulin secretion model during a mixed-meal test. The insulin sensitivity was assessed by the 
homeostasis model assessment of insulin resistance (HOMA-IR). The results showed that MAGE 
was nonlinearly correlated with postprandial β-cell function (r = 0.54, P < 0.001) and with basal 

Fig. 9: Effect of persistent hyperglycemia (basal hyperglycemia, postprandial hyperglycemia) and glycemic variability 
(postprandial hyperglycemia and hypoglycemia) on chronic complications of diabetes mellitus.
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Fig. 10: Comparison of insulin secretion function and sensitivity in 339 patients with normal glucose tolerance but 
different MAGE levels [20] (Reprint with permission from Chinese Journal of Diabetes Mellitus) **P < 0.01.

Fig. 11: The relationship between MAGE and islet function (ΔI
30

/ΔG
30

) in 339 individuals with normal glucose 
tolerance [20] (Reprint with permission from Chinese Journal of Diabetes Mellitus).
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β-cell function (r = 0.31, P = 0.025) in oral hypoglycemic agent users but failed to correlate with 
these parameters in patients treated with diet modification alone. The stepwise multiple regression 
analysis demonstrated that postprandial β-cell function and treatment with oral hypoglycemic 
agents were independent contributors to MAGE (R2 = 0.50, P < 0.01). This study demonstrated a 
close relationship between glycemic variability and postprandial β-cell function in type 2 diabetes 
patients using oral hypoglycemic agents. Therefore, we speculate that compared to other patho-
physiological factors such as insulin sensitivity and basal insulin secretion, early-phase islet is 
more closely associated with glycemic variability. Moreover, improvement in postprandial β-cell 
function appears to be an important target to reduce glycemic variability, thereby preventing 
the development and progression of diabetes complications. In addition, we have investigated 
the relationship between glycemic variability and cytokines. The results showed that the serum 
osteocalcin concentration increases with a decrease in the glucose concentration, and high initial 
osteocalcin levels are associated with subsequent improvements in glycemic variability [22].

The above studies show that abnormal glycemic variability may be an important contributor 
to the development of diabetes-related complications. According to FLAT-SUGAR Trial, com-
pared with basal-bolus insulin, glucagon-like peptide-1 receptor agonist and insulin (GLIPULIN) 
can reduce glycemic variability, weight, and some cardiometabolic risk markers while maintain-
ing equivalent HbA1c levels [23]. Islet β-cell function and certain cytokines (such as osteocalcin, 
etc.) can affect blood glucose levels. The data analysis from CGM can accurately and comprehen-
sively reflect glycemic variability. Therefore, it is necessary to carry out further researches in the 
future, especially prospective, large-scale studies using CGM, to clarify the relationship between 
glycemic variability and diabetic complications as well as the underlying mechanism, and finally, 
to provide new strategies for the prevention and treatment of diabetes and complications. 

Statement on Consent for Participation

All the clinical trials carried out by the authors in this book have been reported to the Ethics 
Committee of Shanghai Jiao Tong University Affiliated Sixth People’s Hospital already and were 
in accordance with the Good Clinical Practice and Standards of China Association for Ethical 
Studies (approval number: 2007-45).
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Diabetes and Frailty

Mitsutaka Yakabe, Sumito Ogawa

Abstract

Frailty is an age-related condition characterized by a decline in the reserve capacity of multi-
ple physiological systems, which leads to geriatric syndromes, disability, and mortality. Frailty is 
often observed among diabetic patients. In the clinical practice for frail diabetic elderly, glycemic 
control should be personalized in order to minimize the risk of severe hypoglycemia and hyper-
glycemia. Other interventions for frailty with diabetes include nutrition, exercise, and avoiding 
polypharmacy.

Keywords Frailty, Fatigue, Falls, Geriatric syndrome

Introduction

Worldwide population aging is accelerating, and the most problematic expression of population 
aging is the clinical condition of frailty. Frailty develops as a consequence of age-related decline 
in multiple physiological systems, which results in a vulnerability to sudden health status changes 
triggered by relatively minor stressor events [1]. In this chapter, we describe the relationship 
between frailty and diabetes and the management of frailty with diabetes.

Definition of Frailty

Frailty is a dynamic, age-related condition characterized by a decline in the reserve capacity of 
multiple physiological systems [1]. When exposed to an apparently small stress, such as a new 
drug, minor illness, or minor surgery, a healthy elderly can almost entirely recover in a rela-
tively short time. In a frail elderly, however, resistance to stressors is decreased. Therefore, the 
stress results in a striking and disproportionate change in health state—i.e., from independent to 
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dependent, mobile to immobile, postural stability to proneness to falling, or lucid to delirious— 
and the person’s functional ability might not recover to the previous level even after the stress was 
removed. 

Frailty is supposed to be one of geriatric syndromes. It leads to increased risk of adverse 
health outcomes, such as low mobility, falls, functional decline, hospitalization, and death. The 
world is aging rapidly, and the number of frail elderly will lead to increased cost of healthcare and 
social security [2].

Clinical Presentations of Frailty

Fatigue

In older adults, fatigue is common and associated with functional deficits and survival. A simple 
question whether the patient “feels tired most of the time” could identify older adults with a higher 
risk of mortality [3].

Falls

Balance and gait impairment are major features of frailty and are important risk factors for falls. 
Spontaneous falls occur in severe frailty and are typically repeated, associated with fear of further 
falls that makes the patient less mobile [1].

Delirium

Delirium is characterized by the rapid onset of fluctuating confusion and impaired awareness. 
Delirium is related to reduced integrity of brain function and is independently associated with 
adverse outcomes [1]. 

Others 

Frail elderly are susceptible to unintended weight loss, frequent infections, and fluctuating dis-
ability [1]. 

Pathophysiology of Frailty 

Many organ systems have redundant capacity. A gradual decrease in physiological reserve occurs 
with aging. However, this decrease is accelerated in frailty and homeostatic mechanisms start to 
fail. Aging promotes cumulative decline in several physiological systems, the subsequent deple-
tion of homeostatic reserve, and vulnerability to disproportionate changes in health status after 
minor stressor events. These complex aging mechanisms are determined by underlying genetic, 
epigenetic, and environmental factors [1].
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In a cross-sectional study of 1002 women, abnormality in three or more systems among six 
different physiological systems (hematological, inflammatory, hormonal, adiposity, neuromuscu-
lar, and micronutrient) was a strong predictor of frailty. The brain, endocrine system, immune 
system, and skeletal muscle are intrinsically interrelated and are the organ systems that are best 
studied in the development of frailty [1]. 

The Frail Brain

Aging is associated with structural and physiological changes in the brain. In particular, the hip-
pocampus could be affected by changes in synaptic function, protein transport, and mitochondrial 
function, which is involved in the pathophysiology of cognitive decline and Alzheimer’s dementia. 
The aging brain is also characterized by structural and functional changes to microglial cells, 
which are activated by brain injury and local and systemic inflammation and become primed to 
small stimuli with aging, potentially causing damage and neuronal death [1].

The Frail Endocrine System

The brain and endocrine system are linked intrinsically through the hypothalamo-pituitary axis, 
which controls metabolism and energy use through the signaling action of hormones. During 
aging, production of three major circulating hormones decreases—(1) insulin-like growth factor-1  
(IGF-1) and growth hormone, (2) sex hormones (estrogen and estradiol), and (3) adrenocortical 
hormones [1]. These could also be involved in the development of frailty.

The Frail Immune System

The aging immune system is characterized by a reduction in stem cells, changes in T-lymphocyte 
production, blunting of the B-cell-controlled antibody response, and reduced phagocytic activ-
ity of neutrophils, macrophages, and natural killer cells. This senescent immune system might 
function adequately in the quiescent state but might fail to respond appropriately to the stress of 
acute inflammation. Evidence suggests that chronic low-grade inflammation has a major role in 
the pathophysiology of frailty. Several inflammatory cytokines have been associated with frailty: 
interleukin-6 (IL-6), C-reactive protein (CRP), tumor necrosis factor-α (TNFα), and C-X-C motif 
chemokine ligand-10 (CXCL10) [1]. 

The Frail Skeletal Muscle (Sarcopenia) 

Sarcopenia is a debilitating condition characterized by progressive loss of muscle mass, strength, 
and function. It is common in elderly and results in frailty, disability, and high mortality [4]. 
Sarcopenia is supposed to be an aspect of physical frailty. Fried et al. proposed the cycle of frailty, 
in which sarcopenia was one of the main potential causes of frailty [5]. In this cycle, sarcopenia 
and five components of frailty—weight loss, exhaustion, weakness, slowness, and low physical 
activity—are closely related and create a vicious circle (Fig. 1) [6].
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Diagnostic Criteria of Frailty

Frailty is considered potentially reversible. Therefore, early detection of frailty and proper inter-
ventions are important. However, its assessment still lacks gold standard. Instruments for assessing 
frailty can be divided into two categories: the physical phenotype models and the multi-domain 
models.

An example of the physical phenotype models commonly used is Fried’s criteria [5]. Fried 
et al. determined frailty by five physical components: (1) unintentional weight loss, (2) exhaus-
tion, (3) weakness, (4) slowness, and (5) low physical activity. Persons are diagnosed as pre-frail 
when one or two of the five components are present, and they are diagnosed as frail when three or 
more are present. Based on Fried’s criteria, the Women’s Health and Aging Studies (WHAS) and 
Cardiovascular Health Study (CHS) also present frailty-defining criteria [7] (Table 1).

The multi-domain models are based on a broader concept of frailty and include the decline 
in the medical, psychological, cognitive, functional, and social domains. One of the tools is the 
Kihon Checklist (KCL), which was established in Japan (Table 2) [8]. This score closely correlated 
with validated assessments of physical functions, nutritional state, cognitive function, depressive 
mood, and the number of frailty phenotypes defined by the CHS criteria. At a cutoff KCL score 
of 7/8, the sensitivity and specificity for estimating frailty were 89.5% and 80.7%, respectively. 
At a cutoff of 3/4 for pre-frail status, those for estimating pre-frail status were 70.3% and 78.3%, 
respectively.

Weight loss

Sarcopenia

Exhaustion

Weakness

Impaired balanceImmobilization

Falls and injuriesDependency

Disability

Slowness

Low metabolic
rateLow physical

activity

Low energy
expenditure

Chronic
undernutrition

Fig. 1: The cycle of frailty (Adapted from Xue GL et al. [6]).
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Table 1: Proposed diagnostic criteria of frailty.

Components Fried’s criteria CHS WHAS

Weight loss Unintentional loss 
of ≥4.5 kg in the 
past year

Baseline:
Lost >10 pounds 
unintentionally in last year
Follow-up:
(weight in previous year-
current weight)/(weight in 
previous year) ≥0.05 and the 
loss was unintentional

Baseline:
Either of:
1. (weight at age 60—weight at exam)/

(weight at age 60) ≥0.1
2. BMI at exam <18.5
Follow-up:
Either of:
1. BMI at exam <18.5
2. (weight in previous year-current 

weight)/(weight in previous year) 
≥0.05 and the loss was unintentional

Exhaustion Poor endurance 
and energy, self-
reported from 
the Center for 
Epidemiologic 
Studies Depression 
Scale

Self-report of either of:
1. Felt that everything I did 

was an effort in the last 
week

2. Could not get going in the 
last week

Self-report of any of:
1. Low usual energy level1 (≤3, range 

0–10)
2. Felt unusually tired in last 2 months
3. Felt unusually weak in the past 

2 months

Low physical 
activity

Lowest quintile 
of kilocalories of 
physical activity 
during the past 
week, measured 
by the Minnesota 
Leisure Activity 
Scale

Women: Kcal <270 on activity 
scale (18 items)
Men: Kcal <383 on activity 
scale
(18 items)

Women: Kcal <90 on activity scale 
(6 items)
Men: Kcal <128 on activity scale 
(6 items)

Slowness Walking speed 
under the lowest 
quintile adjusted 
for sex and height

Walking 15 feet (4.57 m) at 
usual pace
Women:
Time ≥7 s for height ≤159 cm
Time ≥6 s for height >159 cm
Men:
Time ≥7 s for height ≤173 cm
Time ≥6 s for height >173 cm

Walking 4 m at usual pace
Women:
Speed ≤4.57/7 m/s for height ≤159 cm
Speed ≤4.57/6 m/s for height >159 cm
Men:
Speed ≤4.57/7 m/s for height ≤173 cm
Speed ≤4.57/6 m/s for height >173 cm

Weakness Handgrip strength 
in the lowest 20% 
quintile adjusted 
for sex and body 
mass index

Grip strength
Women:
≤17 kg for BMI ≤23
≤17.3 kg for BMI 23.1–26
≤ 18 kg for BMI 26.1–29
≤21 kg for BMI >29
Men:
≤29 kg for BMI ≤24
≤30 kg for BMI 24.1–26
≤30 kg for BMI 26.1–

Grip strength: Same as in CHS

Adapted from Fried et al. [5] and Xue QL et al. [7]
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Table 2: The Kihon checklist [8].

Question Score

1. Do you go out by bus or train by yourself? 0. YES 1. NO

2. Do you go shopping to buy daily necessities by yourself? 0. YES 1. NO

3. Do you manage your own deposits and savings at the bank? 0. YES 1. NO

4. Do you sometimes visit your friends? 0. YES 1. NO

5. Do you turn to your family or friends for advice? 0. YES 1. NO

6. Do you normally climb stairs without using handrail or wall for support? 0. YES 1. NO

7. Do you normally stand up from a chair without any aids? 0. YES 1. NO

8. Do you normally walk continuously for 15 min? 0. YES 1. NO

9. Have you experienced a fall in the past year? 1. YES 0. NO

10. Do you have a fear of falling while walking? 1. YES 0. NO

11. Have you lost 2 kg or more in the past 6 months? 1. YES 0. NO

12. Height, cm; weight, kg. If BMI (body mass index) is less than 18.5, this item is scored 1. YES 0. NO

13. Do you have any difficulties eating tough foods compared to 6 months ago? 1. YES 0. NO

14. Have you choked on your tea or soup recently? 1. YES 0. NO

15. Do you often experience having a dry mouth? 1. YES 0. NO

16. Do you go out at least once a week? 0. YES 1. NO

17. Do you go out less frequently compared to last year? 1. YES 0. NO

18. Do your family or your friends point out your memory loss?
 e.g., “You ask the same question over and over again”

1. YES 0. NO

19. Do you make a call by looking up phone numbers? 0. YES 1. NO

20. Do you find yourself not knowing today’s date? 1. YES 0. NO

21. In the last 2 weeks, have you felt a lack of fulfillment in your daily life? 1. YES 0. NO

22. In the last 2 weeks, have you felt a lack of joy when doing the things you used to 
enjoy?

1. YES 0. NO

23. In the last 2 weeks, have you felt difficulty in doing what you could do easily before? 1. YES 0. NO

24. In the last 2 weeks, have you felt helpless? 1. YES 0. NO

25. In the last 2 weeks, have you felt tired without a reason? 1. YES 0. NO

 Total score /25
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The Relationship Between Type 2 Diabetes and Frailty

Diabetes has been associated with an increased risk of developing physical disability in elderly. 
Several studies have shown that diabetic patients aged 65 or over were more likely to be frail 
than nondiabetic elderly. These studies also reported that frail patients with diabetes had a higher 
mortality than non-frail patients, and the presence of frailty was an independent risk factor for 
mortality [9]. Diabetes mellitus is an independent fall risk factor among elderly nursing home 
residents [10]. Chronic conditions such as visual disturbances, diabetic complications, comor-
bidities, and depression could affect patients with diabetes and contribute to frailty.

One study shows that frailty was associated with increased risk of incident type 2 diabetes in 
community-dwelling nondiabetic elderly [11]. Frail elderly are supposed to have higher oxidative 
stress, higher levels of proinflammatory cytokines, increased deoxyribonucleic acid damage, and 
shorter telomere length. These might play a role in the pathogenesis of type 2 diabetes.

Psychological states such as depression are important aspects of frailty. One study reports that 
diabetic old men have a higher risk of depression than nondiabetic men and, interestingly, that the 
association of diabetes duration and the risk of depression is “J-shaped” [12].

One mechanism that diabetes causes frailty might be that it exacerbates inflammation. In a 
systematic review and meta-analysis of the relationship between inflammation and frailty, both 
frail and pre-frail elderly had significantly higher serum level of interleukin-6 and C-reactive 
protein (CRP) compared with non-frail elderly. Frailty and pre-frailty were also associated with 
elevated white blood cell and fibrinogen levels [13]. Another mechanism might be that sarcopenia 
and frailty may share the similar pathway for multiple pathologic processes in elderly. Sarcopenia 
may be an intermediate step in the development of frailty in patients with diabetes.

Management of Frailty with Type 2 Diabetes 

The Goal of Glycemic Control 

There is no definite guideline for type 2 diabetes in frail elderly. Very tight glucose control may 
often be not desirable. An HbA1c less than 7% can increase the likelihood of hypoglycemia [14]. 
Fall risk markedly increased when HbA1c was 7% or below, regardless of frailty status [15]. 

In 2012, the American Diabetes Association (ADA) and the American Geriatrics Society 
(AGS) recommended a team approach to treat older patients with diabetes, including individual-
ized treatment plans and education to patients and their caregivers. The goal of treatment is to 
establish acceptable glycemic control and minimize the risk of acute complications such as hypo-
glycemia and serious hyperglycemia [16]. Blood pressure and lipid control are also described. 
They are shown in Table 3. 

According to the International Diabetes Federation, an HbA1c target of 7.0–8.0% is suitable 
for functionally independent older people with a reasonable life expectancy, and a target of ≤8.5% 
is appropriate for frail older people and those with dementia and a life expectancy of less than 
10 years [17]. 
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The DCPNS/PATH guidelines recommend that HbA1c should be maintained at or above 8% 
rather than below a specific level because lower HbA1c levels are associated with increased hypo-
glycemic events without accruing meaningful benefit for frail elderly [18]. The Italian Association 
of Medical Diabetologists has developed a guideline, in which six algorithms are proposed, and 
HbA1c <9.0% is recommended for elderly frail patients with mild/moderate hyperglycemia [19]. 

In 2016, the Japan Diabetes Society and the Japan Geriatrics Society announced a guideline 
for glycemic control in diabetes of the elderly (Table 4). Characteristics of the guideline are that it 
sets goals depending on the patients’ physical and cognitive status. They say that the goals could 
be set flexibly. 

These guidelines might be useful, but setting personalized goals independent of these guide-
lines could be acceptable. 

Medications 

Elderly tend to have many morbidities and take many medicines. Polypharmacy is supposed to 
be a major cause of frailty in older persons. Prescriptions for frail elderly should be minimal. 
STOPP and START (Screening Tool of Older Persons’ Potentially Inappropriate Prescriptions and 
Screening Tool to Alert Doctors to the Right Treatment) are screening tools that identify poten-
tially inappropriate prescribing in older adults [20]. For example, anticholinergic medicines can 
cause cognitive decline and frailty. Overtreatment of blood pressure results in hypotension and 
falls. Clinicians who prescribe elderly patients should understand the effect of aging on physiology 
and pharmacokinetics, balance risks versus benefits, and listen to patient and caregiver concerns. 

Treatment based on DPP-4 (dipeptidyl peptidase-4) inhibitors might be beneficial for frail 
elderly [21]. They ensure high rates of adequate glycemic control, are associated with a low risk 
of hypoglycemia, appear to have a neutral effect on body weight, and can potentially improve 
quality of life. 

Table 4: The guideline by the Japan Diabetes Society and the Japan Geriatrics Society for 
glycemic control in diabetes of the elderly.

Physical and cognitive status 
of patients

<Category 1>
Normal cognitive 
function and normal 
ADL

<Category 2>
“Mild cognitive 
impairment to mild 
dementia”
or
“lower IADL but 
normal BADL”

<Category 3>
“Moderate to severe 
dementia”
or
“lower BADL”
or
“many comorbidities or 
multiple organ dysfunction”

Medication* with 
high risk of causing 
hypoglycemia used?

No <7.0% <7.0% <8.0%

Yes 6.5–7.4% 
(65–74 y.o.)
7.0–7.9% (over 75 y.o.)

7.0–7.9% 7.5–8.4%

*Insulin, sulfonylurea, or glinide
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Sodium glucose co-transporter 2 (SGLT2) inhibitors have been developed and used in the 
treatment of type 2 diabetes. Effects of SGLT2 inhibitors on elderly people have not been well 
studied. According to a study about efficacy and safety of canagliflozin in individuals aged 75 or 
over, beneficial effects were observed, but overall incidence of adverse effects was higher in par-
ticipants aged 75 or over than in those younger than 75 [22]. SGLT2 inhibitors could be a cause 
of weight loss. It should be recognized that frailty might not be a desirable indication for SGLT2 
inhibitors. 

One study shows that statin treatment was significantly associated with reduced 3-year mor-
tality independently of age and multidimensional impairment in community-dwelling frail older 
patients with DM [23]. 

Nutrition and Weight Control 

In general, diabetic patients should perform calorie restriction and control their weight in 
an appropriate range (e.g., BMI 18.5–25.0). However, this might not necessarily be applica-
ble to frail elderly patients. Many older people do not consume sufficient amounts of dietary 
intake and protein. The current recommended dietary allowance (RDA) of dietary protein is  
0.8 g/kg/day, but higher amount of protein might be needed for frail elderly. Caloric supplements 
between meals could increase weight and improve nutritional status. A review of guidelines rec-
ommends that elderly diabetic patients may have regular diets instead of diabetic diets, especially 
if they are in nursing homes [24]. 

Unintended weight loss and appetite loss are not rare in the elderly. Weight loss has been 
shown to be associated with accelerated mortality in older persons. It also leads to loss of muscle 
and bone, increasing frailty, falls, and hip fractures. When weight loss is observed in a frail elderly 
patient, there are various possible reasons, for example, internal diseases (such as cancers and 
infections), mental disorders (such as depression), medications, dysphagia, dental problems, 
eating problems, and social problems. Treatable causes of weight loss should not be overlooked. 

Exercise

Resistance exercise involves muscles working hard against an applied force or weight such as in 
weight lifting. Aerobic exercise improves cardiovascular fitness and endurance capacity. Both 
exercises have been shown to prevent the decline in muscle mass and strength with age [9]. One 
resistance exercise training session per week could improve muscle strength. 

Sarcopenia 

Morley et al. suggested that the management of frailty in patients with diabetes initially should 
focus on the prevention of sarcopenia [25]. Until now, no pharmacologic agent has been proven to 
be as efficacious as nutrition plus exercise in order to prevent or treat sarcopenia, so this approach 
is the key strategy. 
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Treatable Causes of Fatigue 

Treatable causes of fatigue should be considered: they include vitamin B12 deficiency, hypoad-
renalism, hypothyroidism, anemia, sleep apnea, hypotension, syncope, and depression. Treatment 
of sleep apnea in diabetic individuals results in lower blood pressure, better glycemic control, 
and an improvement in quality adjusted life years. Depression is more common in diabetic indi-
viduals, and psychological and pharmacological interventions positively affect depression and 
improve glycemic control. Diabetes is commonly associated with autonomic neuropathy, which 
leads to orthostatic hypotension, arrhythmias, and syncope. 

Type 1 Diabetes and Frailty 

Few studies have described the management of frailty with type 1 diabetes. Older adults with 
type 1 diabetes are a heterogeneous group. With long-duration diabetes, hypoglycemia is common, 
regardless of HbA1c level [26]. Individualized treatment plans using more complex insulin regi-
mens and lower glycemic goals with frequent SMBG are recommended in healthy older adults. 
For frail elderly, however, it may be difficult to follow complex insulin regimens due to problems 
with cognition, mobility, vision, hearing, and depression. Guidelines for older individuals with 
type 1 diabetes are lacking, so the treatment could be based on the principles by the ADA and AGS 
[16]. The treatment regimens should be modified with the goal of minimizing hypoglycemia and 
severe hyperglycemia and maximizing quality of life [26].

Conclusions

Frailty is a serious problem in the era of world population aging. Especially in diabetic patients 
who are inclined to have comorbidities, early identification of frailty and proper interventions 
for frailty are important. Clinicians who examine diabetic elderly patients should be attentive 
to frailty and its complications, and personalized approach should be performed. Many clinical 
questions about frailty and diabetes remain unsolved. Further research is needed and more evi-
dence should be established.
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Insulin Injection and Blood Glucose Meter 
Systems

Julia Morera

Insulin Injections

Insulin Injection Devices

Vials and Syringes

The first disposable glass syringe was introduced in 1954 and was quickly replaced by a plastic 
syringe. Since then, disposable syringes from several manufacturers have been in widespread use 
and there are three different sizes with a lineage easy to trace: 0.3 ml (30 U), 0.5 ml (50 U) and 
1 ml (100 U) with dose increments of 0.5 or 1 U, 1 U and 2 U, respectively. 

These syringes are available with 6 mm, 8 mm and 12.7 mm needles. 
The syringe is a historical device which has gradually been supplanted by insulin pens, except 

in the U.S.A., where syringes are still used by approximately 40% of patients taking insulin [1]. 
The decrease in syringe usage is mainly due to the inconvenience of carrying several materials and 
preparing the syringe for patients, the adverse psychological and social impacts of using a syringe, 
and failure to administer accurate doses (Table 1). 

For cases of needle phobia, there is a specific device, Autoject® 2, in which an insulin syringe 
is integrated, allowing the user to hide the needle and automatically insert the needle and the 
contents of the syringe into the skin. This can be helpful in people suffering from a fear of needles. 

Insulin Pens

Since the insulin pen was first manufactured in 1985, many improvements have been made to 
devices, leading to current pens with shorter and thinner needles, reduced injection force, color-
coded insulin cartridges and packaging, and a built-it memory function [3].

J. Morera () 
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These innovations have led to pen devices being used by approximately 60% of insulin users 
worldwide [4], though there are disparities between different countries: in European countries, 
Japan, China and Australia, pen devices are used by 95% of insulin users, whereas in the U.S.A., 
they are used by only approximately 60% of patients [1].

Patients prefer the pen devices to vials and syringes, stating advantages such as ease of use 
(even in cases of impaired vision or compromised manual dexterity), convenience, greater con-
fidence in their ability to properly administer the drug, less pain and less needle fear, and greater 
perceived social acceptance [2, 3], especially if they feel encouraged by their physicians to use a 
pen [5]. Patients also seem to take less time to learn to inject themselves with a pen compared 
with a syringe [2].

Insulin analogs supplied in cartridges or prefilled pens have a higher per-unit insulin cost 
than do insulin analogs supplied in vials [6], but a review [7] showed that use of pen devices was 
associated with improved adherence to insulin therapy and in this way reduced diabetes care costs 
compared with vials and syringes [6, 7].

Prefilled Versus Reusable Insulin Pens

There are two types of insulin pens:
zz Reusable insulin pens which are designed for use with 3-ml prefilled insulin cartridges and are 

listed in Table 2 (nonexhaustive data). These pens may be preferred for environmental reasons 
but also in pediatric population and in patients with small insulin requirements because some 
of them offer the possibility for half-increment dosing.
zz Prefilled insulin pens which contains 3 ml of insulin and are listed in Table 3.

Table 1: Comparison of advantages and disadvantages of vial/syringes and reusable and 
prefilled insulin pens [2].

 Advantages Disadvantages

Vials and 
syringes

Reduced cost per unit of insulin
Up to 100 U in one injection
Half-increment dosing
Patients can mix their own insulin 
formulations

More fear of injections
Poor dose accuracy
Lack of social acceptance
Lengthy training time
Difficulty of transportation
No short needles

Insulin 
pens

Ease of use
Greater social acceptance/discretion of use
Ease of portability
Improved treatment adherence
Less painful
Short needles

Need for two injections in the case of high insulin 
doses (>60 or 80 U)
Patients cannot mix their own insulin formulations
Significant cost per unit of insulin

Prefilled insulin 
pen
Easiest to use
Lighter than a 
reusable pen

Reusable insulin pen
Better environmental 
impact
Possible memory function
Half-increment dosing

Prefilled insulin pen
Possible involuntary mixing 
between the long-acting and 
rapid-acting analog insulin pens

Reusable 
insulin pen
Heavier than a 
prefilled pen
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The choice of insulin pen essentially depends on the choice of insulin and on the patient’s 
preferences (Table 1). 

Accuracy of Dosing and Force Required for Insulin Injection

All insulin pens meet International Organization for Standardization (ISO) 11608-1: 2000 stand-
ards for dose accuracy at 1 unit: the calculated statistical tolerance limit should not deviate from 
the target dose by more than 1 unit for the delivery of 5 units and not by more than 5% for the 
delivery of 30 U and 60 U [8].

Several studies have investigated dosing accuracy among pens and have demonstrated con-
sistent and accurate dose delivery for prefilled and reusable insulin pens according to the ISO 
recommendations, without clinically relevant differences among the products [9–12].

The force required to inject an insulin dose can also differ between insulin pens, but the study 
results are conflicting and the observed differences seem relatively small [4, 13–15].

Needle Features

Pen needles come in lengths ranging from 4 to 12.7 mm.
Reduction of needle wall thickness allows the insulin flow to be increased at a constant thumb 

force, leading to performing an insulin injection more easily and quickly. Extra-thin-wall needles 
(4 and 5 mm) have been developed and patients who have tested them reported a significant  

Table 3: List of prefilled insulin pens.

 SoloStar® FlexPen® FlexTouch® Innolet® Kwickpen®

Pharmaceutical 
laboratory

Sanofi Novo Nordisk Lilly

Insulin Glargine
Glulisine

Detemir
NPH
Aspart
Biphasic aspart

Detemir
NPH

Humuline
NPH
Biphasic humuline
Lispro
Biphasic lispro

Max units (U) 80 60 80 50 60

Min units (U) 1 1 1 1 1

Dose increment (U) 1 1 1 1 1

Duration of press 
on button (s)

10 6 6 – 5

Features  A dose larger 
than that 
remaining in 
the pen is not 
possible

Low injection 
force
End-of-dose 
click

Specifically 
developed for 
people with poor 
eyesight or reduced 
manual dexterity

 

Max maximum, Min minimum, NPH neutral protamine Hagedorn (isophane)
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preference for these needles, describing reduced thumb force, reduced pain and a decreased time 
to deliver insulin [16].

Furthermore, the 4- or 5-mm needles have a lower risk of intramuscular injection [17] (Fig. 1) 
and they provide glycemic control equivalent to that of the longer needles, even in obese patients, 
without an increase in leakage [18–20]. In Europe, 63% of adult patients on insulin treatment were 
using an 8-mm or longer needle [21]. Future guidelines will recommend greater use of shorter-
length pen needles for patients with diabetes. 

Trends in Insulin Pen Development

The current trend is the development of insulin pens with an electronic dose display and a memory 
function. These devices allow the user to record insulin doses and the date(s) and time(s) of the 
last injection(s), but there is actually no proof that use of this device is associated with an addi-
tional improvement in glycemic control [22]. This function can be particularly useful in younger 
patients in whom insulin is administered by multiple caregivers and it may help reduce the risk 
of double injections or provide parents with information on a child’s adherence to treatment. In 
a pediatric population, 89% of patients evaluated this function as having good ease of use [23].

In the future there will probably be marketing of connected insulin pens which will, in con-
nection with a mobile application via Bluetooth, allow the patient to track his treatment, improve 
his adherence and send his data to his doctor (Table 2). Alerts indicating forgotten or inadequate-
dose injections could also be an interesting option, since an increase in hemoglobin A1c (HbA1c) 
of 10% has been estimated for every four missed meal boluses per week in pediatric patients, and 
an HbA1c effect of −0.5% for only two boluses per week not missed has been estimated [24]. These 
devices have not yet been evaluated. 

Fig. 1: Risk of intramuscular insulin injection as a function of the length of pen needles (according to [17]).
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Medical Devices Associated with Insulin Pens

zz Tracking of the Last Injection
There is a smart cap (Timesulin™) that can be placed onto the insulin pen and can display when 
the last insulin injection was administered. This device is compatible with almost all refillable 
insulin pens.
zz Connected Devices

Medical devices that adapt to insulin pens (Bee™, EasyLog™) are in development and allow the 
user to record the injected insulin doses and to send these data to a mobile application in order 
to note them in a glycemic logbook. These devices are compatible with almost all reusable and 
prefilled insulin pens. However, the glycemic results have to be manually noted in the logbook.

In the future this kind of device will probably be connected to the blood glucose (BG) meter 
in order to automatically transfer and record the insulin doses and the glycemic data in the same 
logbook.
zz Devices to Use in Cases of Needle Phobia

There are several specific devices with a hidden needle allowing the user to perform insulin injec-
tions in people suffering from a fear of needles:

z� BD Autoshield™ Pen Needle (BD; 5 or 8 mm) and NovoFine® Autocover (Novo Nordisk; 
8 mm) are pen needles which are applied to the skin, allowing the shield to retract and the 
hidden needle to penetrate the skin. These devices are compatible with all insulin pens.
z� Novopen® 3 PenMate® (Novo Nordisk) is a device which is screwed onto the body of the 

insulin pen and wherein an insulin cartridge is inserted. The pen needle is hidden by the 
device and penetrates the skin after pressure on the body of the insulin pen. It is only com-
patible with old reusable insulin pens (NovoPen® 3, NovoPen® 3 Demi, NovoPen® Junior) 
and NovoFine® pen needles.

Insulin Injector

By using a compressed gas cartridge or a compressed spring, needle-free insulin administration 
devices, such as InsuJet™ and Injex30™, push the insulin at high speed through a small orifice, 
creating a fine stream of insulin that penetrates the skin (transdermal administration) then dif-
fuses in the subcutaneous tissue. These devices have been developed for needle-phobic diabetic 
patients.

In healthy volunteers, it has been shown that a jet injector greatly enhances the rate of insulin 
absorption and reduces the duration of the glucose-lowering action, in comparison with conven-
tional insulin administration, when using insulin aspart [25] or insulin lispro [26], but there has 
been no study with long-acting insulin analogs.

In a small pilot study of ten patients with type 1 diabetes (T1D), the administration of insulin 
aspart by an injector had the same effect on the glucose profile as conventional insulin administra-
tion and this device was rated similarly for participant preference and relative injection pain [27]. 
There has been no more extensive study.
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The large size, the very high pressure required and the pain induced are reasons why this kind 
of device has never been a commercially reality. Another limitation is the cost: limited reimburse-
ment in the U.S.A. has deterred many from trying these devices, while in Europe these devices 
have not been widely promoted within public health systems, except in the UK. 

Injection Technique

Practical Aspects

Syringes and pen needles have to be used only once in order to limit the risk of infection and 
appearance of air bubbles which can lead to underdelivery of insulin. Furthermore, a higher rate 
of needle reuse has been identified as an independent risk factor for lipohypertrophy [28]. 

Pens must be primed before each injection with 2 units of insulin in order to displace any air 
in the needle and to ensure an accurate injection avoiding underdelivery of insulin, even if the 
pen needle is changed.

For an insulin pen, the needle should be embedded within the skin for several seconds after 
complete depression of the plunger to ensure complete delivery of the insulin dose. In cases of 
premature needle withdrawal after injection, there may be a non-negligible amount of insulin not 
delivered (up to 20% of the selected dose) and this can be critical for subjects with low insulin 
needs [29], but this phenomenon can be avoided by keeping the needle in the skin as recom-
mended by the manufacturer (Tables 2 and 3).

Injection Sites

Insulin injections have to be administered in subcutaneous tissue (in the abdomen, buttocks, 
lateral sides of thighs and upper arms). Intramuscular injection should be avoided due to the risk 
of severe hypoglycemia [30]. Since the 4-mm pen needles were introduced, other insulin injection 
sites have been explored and the upper inner thigh might be another option [31].

Site rotation is essential to avoid lipohypertrophy and ensure consistent absorption of the 
insulin. Patients should be taught a personalized “structured rotation” for their injection sites. 

Structured rotation is recommended in the same anatomical region at the same time of day 
with the injections being at least 2–3 cm apart (two fingers) across the entire area (Fig. 2).

Conclusion

The evolution of insulin devices has allowed us to improve patients’ comfort and technological 
advances now make it possible to personalize the choice of assistance devices for each patient, 
while ensuring better performance on the part of these devices. In the future, connected and pain-
less devices will probably be developed and should be made available to patients to improve their 
adherence to antidiabetic treatments.
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Blood Glucose Meter Systems

Self-measurement of blood glucose (SMBG) is an essential element in the treatment of patients 
with T1D and insulin-treated type 2 diabetes (T2D), allowing the patient to adjust insulin therapy 
in order to have tight glycemic control and avoid late complications [32, 33]. Its use is more con-
troversial in non-insulin-treated patients with T2D but can help to evaluate the efficacy of hypo-
glycemic treatments and play an educational role for patients [34, 35].

Since the first BG meter was manufactured in 1970, many improvements have been made, 
leading to the current BG meters which have become lighter, faster in determination of glucose 
values, easier to use, with a reduced deposit volume needed to determine capillary BG.

In parallel, lancing devices have been modernized, becoming less painful, mainly for obtain-
ing a lesser quantity of capillary blood (0.3–0.5 μl) [36]. 

Principle of Glucose Detection

Glucose meters have two essential parts: an enzymatic reaction and a detector. The enzyme portion 
of the glucose meter is generally packaged in a rehydrated state in a disposable strip. Glucose in 
the patient’s blood sample rehydrates and reacts with the enzyme to produce a product that can be 
detected. There are two principal enzymatic reactions utilized by glucose meters: glucose oxidase 
(GO) and glucose dehydrogenase (GDH) [37].

The GO method involves the oxidation of glucose to gluconic acid by GO, forming hydrogen 
peroxide. This reaction is not completely specific for glucose and can give falsely low results with 
high oxygen content or substances such as uric acid, ascorbic acid, bilirubin, hemoglobin, tetra-
cycline and glutathione [38].

The GDH method involves the oxidation of glucose to gluconolactone by GDH, forming 
reduced nicotinamide adenine dinucleotide (NADH) [38].

Fig. 2: Sample structured rotation plan for injections in the abdomen and thighs: divide the injection side into 
quadrants or halves, use one section per week and move clockwise. Injections within any quadrant should be spaced 
at least 2–3 cm from each other.
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All meters are susceptible to heat and cold because the enzymes can be denatured and 
become inactivated at extreme temperatures. Test strips should not be stored in closed vehicles for 
extended periods and must be protected from rain, snow and other environmental elements [39].

A number of factors can cause erroneous readings on BG meters and these aspects have to be 
taken into account in order to choose the best BG meter for each patient:
zz With the GO method of detection, an increase of the glucose reading can be observed in the 

case of anemia, low oxygen content, alkalosis or overdose of paracetamol, while a decrease can 
be observed in the case of polycythemia, high oxygen content, acidosis or overdose of uric acid, 
ascorbic acid or tetracycline.
zz With the GDH method detection, an increase of the glucose reading can be observed in cases 

of anemia, products containing xylose, hyperbilirubinemia or overdose of paracetamol, while 
a decrease can be observed in cases of polycythemia, hypercholesterolemia (>11 g/l) or hyper-
triglyceridemia (>47 g/l) [39].

However, these factors actually have little bearing in the average patient with diabetes mel-
litus, and human misuse of the BG meter has been found to be a more significant source of error 
than the instrument itself [40]. 

Accuracy and Security

Technical Accuracy

Technical accuracy is defined as the measurement closeness of agreement between a measured 
quantity value and a true quantity of glucose. This criterion is different from precision which 
describes the reproducibility of a series of values, independent of the closeness of any of the values 
to the reference (Fig. 3) [39]. Only when a series of values is both accurate and precise do the 
individual values reflect the reference value.

Fig. 3: Accuracy and precision of glucose meters. In each panel, the center of the circle represents the reference value. 
In the left panel, the individual values have a mean value that is the same as the reference value, defining the accuracy. 
In the center panel, all values are nearly identical, defining the precision. In the right panel, the set of values is both 
accurate and precise [39].

Accurate Precise Accurate
and precise

Accurate Precise Accurate and precise
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There are a number of factors that can influence the accuracy of BG strips [39]:
zz Variation of the strip’s quality between different manufactured lots
zz Influence of altitude 
zz Influence of extreme temperature
zz Variation of the hematocrit level which can change the glucose reading but can also block the 

electrode or the enzyme of the strip and alter the reading
zz Patient technique
zz Use of some medication

Clinical Accuracy

While technical accuracy refers to the analytical result agreement of a BG meter with a compara-
tive laboratory method, clinical accuracy compares the medical decisions based on the test results.

Clarkes [41] and then Parkes [42] established error grid analysis in order to evaluate SMBG 
methodologies and verify the clinical significance of the BG meter result against a comparative 
method. These error grids have five accuracy categories: zones A and B for when we can see a mild 
discrepancy between the glucose meter result and the comparative method, resulting in no change 
in the clinical decision; and zones C, D and E for when we can see larger differences between the 
glucose meter and the comparative method, resulting in unnecessary corrective action or poten-
tially dangerous failure to detect hypoglycemia or hyperglycemia (Fig. 4).

Meter Performance Criteria

Manufacturers of glucose meters have to provide evidence of conformity with the ISO 15197:2013 
standard [43] which defines the following performance requirements for glucose meters:

Fig. 4: Parkes error grid. The error grid is 
divided into zones signifying the degree 
of risk posed by incorrect measurement: 
A: no effect on clinical action; B: altered 
clinical action or little or no effect on clinical 
outcome; C: altered clinical action—likely 
to affect clinical outcome; D: altered clinical 
action—could have a significant medical 
risk; E: altered clinical action—could have 
dangerous consequences [42].
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zz The standard states that ≥95% of the BG system measurement results shall fall within ±15 mg/dl  
of the results of the manufacturer’s measurement procedure at glucose concentrations <100 mg/dl  
and within ±15% at glucose concentrations ≥100 mg/dl.
zz Ninety-nine percent of individual glucose results shall be included in zones A and B of the 

Parkes error grid.
zz Evaluation of interferences is mandatory, with a list of 24 substances which need to be tested. 

The influence of the hematocrit on the glycemic level shall also be studied.

Criteria for Choosing a Glucose Meter

Some examples of BG meters are listed for each selection criterion, but the list is not exhaustive. 
Depending on the country, the names of BG meters may be different from those used in this text.

Patients with Type 1 Diabetes

Use of an Automated Bolus Advisor

Bolus insulin calculation requires individuals to utilize several factors such as insulin to carbo-
hydrate ratios, the insulin sensitivity factor, target BG range, current BG values and anticipated 
physical activity. This calculation can be problematic in individuals with deficits in literacy and 
numeracy, and can be replaced by an empirical estimate of the insulin need because the cal-
culation is complex and time consuming. The use of an automated bolus advisor can facilitate 
improvements in glycemic control without increasing hypoglycemia, improve treatment satisfac-
tion, reduce dosage errors, assist in improving carbohydrate counting competence and reduce fear 
of hypoglycemia [44]. Only the FreeStyle Papillon® InsuLinx BG meter (Abbott) has this device. 

Blood Ketone Detection

Measurement of whole-blood or urinary ketones plays an important role in the management 
of diabetes ketoacidosis. Ketone meters are often available in emergency rooms but can be pre-
scribed to patients with brittle glycemic control in order to detect, as early as possible, the pres-
ence of ketones in the case of hyperglycemia and start corrective measures.

This ketone meter concerns patients with T1D exposed to a ketoacidosis risk—in particular:
zz Children and teenagers
zz Patients treated with an external or implantable insulin pump
zz Pregnant diabetic women
zz Young patients with behavioral disorders that can lead to noncompliance with insulin therapy 

[45]
The FreeStyle Optium® Neo meter (Abbott; FreeStyle Optium® β-ketone strips) and the 

Glucofix® Premium meter (Menarini; Glucofix® β-ketone sensor strips) are BG meters using this 
function.
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Connection with a Subcutaneous Insulin Pump

Use of an automated insulin pump and meter seems to increase the daily frequency of BG testing 
in youth patients with T1D [46].

The Contour Next® Link meter (Bayer) connects to the Medtronic MiniMed® Real-Time and 
MiniMed® Veo pumps and the Contour Next® Link 2.4 m connects to the Medtronic 640G® pump. 
These BG meter can directly transfer the glycemic results to the pump and, in some cases, be used 
to program a bolus. The uploading of pump data also allows a display of insulin doses and BG 
results in the same graph or the same table (see example using the Contour Next® Link BG meter 
and the MiniMed® Veo pump in Fig. 5). 

Patients with Type 1 Diabetes or Type 2 Diabetes Receiving Multi-daily Insulin Injections

Presence of a Logbook in the Blood Glucose Meter 

This device can help patients to fill out a correct glycemic book (FreeStyle Papillon® InsuLinx BG 
meter). Indeed, we know that in one study only 58% of people with T1D reported they performed 

Fig. 5: Alternative sites for the capillary glucose test.
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at least three tests a day [47] and all these results are not always recorded in a glycemic book or 
are not in agreement with the meter memory in 50% of cases, because of underreporting, lack of 
concordance or overreporting [48].

No Strip

Self-measurement of blood glucose is time consuming which can decrease the frequency of BG 
testing. 

The Accu-Chek® Mobile (Roche) is an all-in-one meter and allows the user to perform BG 
measurement faster and more easily. Indeed, the single strips are eliminated, with 50 strip-free 
tests on a continuous tape and the integrated lancing contains six lancets in a drum, requiring only 
four steps to perform a test.

The FreeStyle Libre® (Abbott) is a continuous glucose monitoring device coupled to a meter 
able to scan and store glycemic results. This system allows the user to know the glucose level 
without a strip or lancing device. It is faster and more painless than traditional SMBG.

Alarm Function

Blood glucose meters can have an alarm function in order to remind the patient to perform a 
BG measurement (FreeStyle Papillon® BG meters, Contour BG meters, Accu-Chek® BG meters, 
Glucofix® Tech meters, etc.). This can be useful for patients who tend to forget to measure their 
capillary glycemic level. There are two types of alarms:
zz A postprandial alarm function to inform the patient that it is time to measure their postpran-

dial glucose level
zz A programmable alarm that is set by the patient for the desired time 

Connection with a Smartphone

Some BG meters can be connected with a smartphone. Free downloaded apps are needed in order 
to edit the glycemic data in logbooks, tables or graphs and statistic reports, and these reports can 
be sent to the user’s physician by email. The transfer of data is possible either when the BG meter 
and smartphone are physically connected or via Bluetooth transmission. The following are some 
BG meters:
zz iBGStar® meter (Sanofi) which connects to an iPhone or iPod only and requires the iBGStar® 

Diabetes Manager application, only available from the Apple Store
zz Glucofix® Tech meter (Menarini) which connects to a smartphone (or tablet) and requires 

the GlucoLog® Lite or GlucoLog® Mobile applications, available from the Apple Store or 
Google Play
zz OneTouch Verio® Flex meter (LifeScan) which connects to a smartphone (or tablet) and 

requires the OneTouch Reveal® application, available from the Apple Store and Google Play 
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Continuous Glucose Monitoring

The FreeStyle Libre® is based on a flash glucose monitoring system. It uses a small sensor which auto-
matically measures and stores the glucose results, coupled to a meter which reads the glucose result 
by scanning even through clothing. The sensor is small (35 mm × 5 mm), is water resistant, is applied 
on the body once every 2 weeks and does not require finger pricks for calibration. With every scan, 
the current glucose reading is obtained but also an arrow showing the glycemic trend and the last 8-h 
of glucose data are shown as a graph. The system stores up to 90 days of glucose data.

The performance of this system was demonstrated in a study showing accuracy in compari-
son to capillary BG reference values and stability of accurate readings over 14 days of use, and the 
percentage of readings within consensus error grid zone A was between 85.2% and 89.2% [49].

The data can be transferred to a computer via FreeStyle Libre® software and are summarized 
as a graph (Ambulatory Glucose Profile). 

Patients with Type 2 Diabetes Receiving Multi-daily Insulin Injections or Only Basal Insulin 

Assistance in Interpretation of Results 

Blood glucose meters offer the possibility to help the patient to interpret his glycemic result, either:
zz With an alert in the case of hypo- or hyperglycemia (BGStar®, Sanofi; OneTouch Verio® and 

OneTouch Verio® Flex; AutoSense®, Aximed).
zz With an indication of a glycemic trend over several days. This indication can be noted by trend 

arrows (FreeStyle Optium® Neo; MyStar® Extra, Sanofi) or by a color code (OneTouch Verio® 
IQ, LifeScan). One study compared the efficacy of the self-management performance of two 
color-indication methods, with one group of patients recording their BG levels on the note 
manually and marking high and low levels with red or blue pencil, respectively, and another 
group using a BG meter with color-coded indicator lights (red, orange, green and blue lights) 
signifying BG levels [50]. The manual color record seemed to have a favorable effect, resulting 
in improved glycemic control and suggesting active usage of the glycemic results. 

Non-insulin-treated Patients with Type 2 Diabetes and Patients with Gestational Diabetes

Almost all patients look for simplicity of use and prefer BG meters which do not require calibra-
tion. The criteria for choice are more oriented toward BG meter design, size or simplicity of use.

Other Criteria for Choice of Meters

Eye Disorders

If the disease is moderate, it can be useful to focus on a BG meter with a large screen and large dis-
played letters (FreeStyle Papillon® Vision, Abbott; Glucofix® Premium and Glucofix® ID, Menarini; 
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Accu-Chek® Performa, Roche) or with a display backlight (OneTouch Verio®; BGStar®; MyLife® 
Pura, Yposmed).

In the case of blindness, a talking BG meter can allow the patient to perform glucose meas-
urement by vocalizing each step of the glucose test (AutoSense® Voice, Aximed; Vox®, Os Care). 
Clear and simple sentences expressed by a human voice indicate the process and guide users from 
the beginning to the end of the test and clearly set out the results. Different languages are available 
for each BG meter.

Gripping Disorders

Patients will prefer big BG meters using large and rigid strips, such as MyLife® Pura. The Accu-
Chek® Mobile BG meter can also be useful because the operations can be done with only one hand.

In these patients, the use of lancing devices for single use can facilitate obtaining a blood drop 
(BD Microtainer® lancets, BD; Unistik® 3 Gentle lancets, Owen Mumford). Indeed, these lancing 
devices are often large, easy to use and usable with one hand because they simplify the test.

Use of Alternative Sites

The majority of BG meters offer the possibility to perform capillary glycemic measurement at dif-
ferent sites, such as the base of the thumb, forearm, upper arm, thigh and calf (Fig. 5), allowing 
the fingertips to be rested.

Batteries

The energy consumption by BG meters is uneven and depends on the patient’s use. The number 
of batteries differs between BG meters: one or two lithium batteries or two AAA batteries. Some 
BG meters can be recharged by mains connection.

Storage Capacity and Calculation of Mean Blood Glucose

All BG meters have storage capacities (from 250 to 2000 tests) and almost of them offer the pos-
sibility to calculate the mean BG level over the last 7, 14, 30, 60 or 90 days, but these criteria do not 
seem to be very discriminating factors. 

Data Management

All BG meters offer a download function for collecting the glucose data stored in memory, allow-
ing the user to:
zz Create a custom folder
zz Edit reports, tables and graphs from the downloaded data
zz See the glycemic logbook over fixed periods
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zz Store virtually unlimited data
zz Send data to the doctor

Almost all glucometers allow the user to manage the data with specific software which is 
freely available for download or directly integrated into the BG meter. Connection of the BG 
meter to the computer can be done by use of a USB cable (which can be attached to a USB port on 
the BG meter) or infrared adapter (which may or may not be free and is available to order online 
or included in the BG meter kit).

Some BG meters can be connected to a smartphone via a mobile application to manage the 
stored data (see above).

There is also nonspecific data management software available for purchase. It is compatible 
with almost BG meters and some insulin pumps:
zz Diabass® software (compatible with PC)
zz Sidiary® software (compatible with PC and with Android, iPhone and Windows phones)
zz Diasend® software (compatible with PC and Mac)
zz Glooko® software (compatible with Android, iPhone and Windows phones)

Conclusion

The self-measurement of blood glucose that has developed during the past three decades has 
become an essential part of the treatment of diabetes mellitus. The evolution of blood glucose 
meters has allowed us to improve patients’ comfort and technological advances now make it pos-
sible to personalize for each patient the choice of assistance devices, while fulfilling the greater 
performance requirements of these devices.
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Treatments with Low Glycaemic Index Diets in 
Gestational Diabetes

Sangeetha Shyam, Amutha Ramadas

Key Points

zz Gestational diabetes mellitus (GDM) is the carbohydrate intolerance that results from mater-
nal inability to cope with increased insulin resistance associated with pregnancy. 
zz Gestational diabetes mellitus management aims to achieve glycaemic control and promote 

adequate weight gain in the mother and also improve foetal outcomes. 
zz Diet is the cornerstone of GDM management. 
zz Low glycaemic index (GI) or glycaemic load (GL) diets by preventing postprandial glycae-

mic and insulinaemic peaks, attenuate cardiovascular risks; especially in subjects with obesity, 
insulin resistance or hyperinsulinaemia. 
zz Low-GI diets are beneficial only when they comply with current dietary guidelines and there-

fore require appropriate dietetic supervision. 
zz Gestational diabetes mellitus subjects on low-GI diets have lower spikes in post-meal glycae-

mia and are less likely to require the initiation of insulin therapy when compared to those 
receiving standard diets with higher GI. 
zz Low-GI diets in GDM may also reduce central adiposity in the foetus. 
zz Low-GI diets are also likely to benefit GDM women in managing their glycaemia and body 

weight post-delivery. 
zz Current evidence raises no safety issues in using low-GI/GL diets in GDM management. 
zz However, further evidence is required to lend unequivocal support for the benefit of low-GI/

GL diets in GDM treatment. 
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Introduction

Gestational diabetes mellitus (GDM) is defined as the ‘glucose intolerance first recognised during 
pregnancy’ [1]. All pregnancies are accompanied by metabolic changes that promote adipose 
tissue accumulation in early gestation, followed by an increase in insulin resistance to provide 
adequate nourishment to the foetus [2]. The insulin resistance is accompanied by increased 
pancreatic insulin secretion to maintain maternal euglycaemia as the pregnancy progresses [2]. 
Hyperglycaemia results when the maternal insulin secretion is unable to meet the increased 
insulin demand [1, 3]. Therefore, the pathophysiology of GDM is similar to that of type 2 diabetes 
mellitus (T2DM); namely, marked insulin resistance and impairment of insulin secretion [4] and 
associated dyslipidaemia [5]. Thus management of postprandial glycaemia and insulin demand 
are essential targets for GDM management.

Diet is the cornerstone of GDM management [1, 6]. Dietary management for GDM has the 
following maternal goals: achieving glycaemic control, ensuring adequate weight gain and appro-
priate nutritional status. Achieving these goals ensures maternal and foetal health. More intensive 
medical management and increased surveillance are instituted in women who fail to respond 
adequately to diet therapy and increases treatment costs [7]. Most importantly, GDM increases 
long-term health risks for the mother and her offspring [1, 7] posing greater demand on health-
care resources.

Carbohydrates predominantly influence postprandial glycaemic response [8]. Therefore, car-
bohydrate restriction has historically been the prime focus of dietary management for GDM [1]. 
Restricting carbohydrates to provide around 45% of the energy is safe in GDM pregnancies [9], 
though evidence from randomised-controlled trials (RCTs) support the use of diets with reason-
ably high amount of complex carbohydrates [1]. Low-carbohydrate diets that are high in protein 
and fat intake, may increase risk for diabetes specifically among pregnant women [6] and can 
compromise foetal outcomes [7]. In the absence of concrete evidence to favour any particular 
diet, consensus panels for GDM have no specific recommendation but encourage the adoption of 
conventional healthy diets [1, 5].
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As the role for low-carbohydrate diets is limited by their health concerns, the effect of car-
bohydrate quality (type) on glucose metabolism and insulin resistance has gathered interest [10]. 
Emerging evidence suggests that deterioration of glucose homeostasis can be prevented by moni-
toring both carbohydrate quantity and quality [10]. Concepts of glycaemic index (GI) and glycae-
mic load (GL) were born out of this need to describe the quality or type of carbohydrate foods. 

This review aims to assess the current evidence for the treatment of GDM with low-GI/GL diets. 
The objective of this review is in-line with the professional societies’ repeated calls for the consolida-
tion of current evidence and efforts to bridge the knowledge deficits in this area to identify optimal 
diets for GDM women [5, 7, 11]. This is especially important because GDM affects a significant 
proportion of pregnant women globally, and alarmingly its prevalence is increasing [11]. 

Glycaemic Index (GI)

Carbohydrate foods even when consumed in equal amounts differ in their glycaemic effect. Hence 
physiological effects of carbohydrates are better described by their in vivo ability to raise blood 
glucose [12]. GI is such a physiological classification of carbohydrates [12], that ranks them on a 
scale of 0–100, in accordance to their postprandial glycaemic effect [13]. GI, therefore, reflects the 
rate of conversion of a carbohydrate into glucose [13]. Higher the GI value of a food, greater the 
postprandial glycaemic response it elicits [14] (Fig. 1).

The GI of a food is measured as ‘the incremental area under the blood glucose response curve 
of a 50 g available carbohydrate portion of the food expressed as a percentage of the response after 
50 g of glucose taken by the same subject’ [14]. To simplify interpretation, foods are often classi-
fied into three categories based on their GI: high (GI >70), intermediate (GI between 55 and 70) 
and low (GI <55) [15].

Fig. 1: Comparison of blood glucose curves after consumption of low- and high-GI foods. Legend: GI: glycaemic index
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Factors Affecting Glycaemic Index

The differences in GI of food depend on the type of sugar and or starch it contains [16], the extent 
of processing it has undergone [15] and the presence of factors that determine the rate of carbohy-
drate absorption [16]. Low-GI recommendations utilise these determinants to lower postprandial 
glucose responses.

Foods with a high content of fructose (fruits), and galactose (milk products) provide lower 
amounts of absorbable glucose, and thus have lower GI [16]. Beans and seeds have fibrous coats 
that slow down the access of enzymes to the starch inside [17, 18]. Beans and rolled oats are also 
rich in viscous fibre that delays gastric emptying [19], enzymatic starch hydrolysis [17] and con-
sequently delay glucose absorption [19]. Basmati rice and legumes also contain a greater amylose: 
amylopectin ratio that slows down the rate of starch hydrolysis and glucose absorption [16]. The 
presence of organic acids in oranges [20] and legumes [18] reduce the rate of starch digestion and 
thereby elicit lower glycaemic responses. These foods are therefore recommended in low-GI diets. 
Small amounts of acetic acid (vinegar) when consumed along with the meal, reduces postprandial 
hyperglycaemia by 20% due to delayed gastric emptying and inhibition of digestive enzymes [21] 
and is a probable strategy to reduce meal GI. Furthermore, gelatinization of starch during heat 
treatment increases its availability to amylases and its GI [22]. Therefore, low-GI recommenda-
tions emphasise on the need to prevent overcooking of cereal foods like spaghetti and oatmeal. 

Glycaemic Index of Mixed Meals

Glycaemic index of individual foods in a meal has shown to predict the glycaemic response when 
eaten together [16] in different environments and for different cuisines [23]. The GI of a mixed 
meal is calculated as the sum of the proportional GI contributions of each carbohydrate com-
ponent of the meal [16]. Daily diet GI is similarly calculated as the mean GI of meals consumed 
during the day [18].

A 15% reduction in dietary GI (~10 GI units for most population) is thought to confer 
clinically significant health benefits [24, 25]. Given that staple cereals predominantly determine 
dietary GI, a 10 unit GI reduction is achieved by substituting usual high-GI staples with lower 
GI alternatives, while maintaining their prescribed serving size [26]. Another practical strategy 
to efficiently lower GI is to include one low-GI food in each meal, since GI works through the 
principle of averages [24]. A sample of dietary recommendations used to lower the GI of healthy 
diets is provided in Table 1.

Glycaemic Load (GL)

Due to its methodology of determination, GI may not reflect the glycaemic effect of a typical 
carbohydrate serving [27]. The glycaemic load (GL) concept was therefore invented to quantify 
the overall glycaemic effect of a portion of food [28]. The GL of a typical serving of food is the 
product of the amount of available carbohydrate it contains and its GI value [8]. GL of a serving 

Luminary Learning-Diabetes (USV)_Issue 5.indd   63 7/9/2019   2:58:42 PM



64 • LUMINARY LEARNING: DIABETES

is thus a measure of both carbohydrate quality and quantity [8] and accurately predicts postpran-
dial glycaemia [29]. Accordingly, GL of a meal can be reduced either by reducing the amount of 
carbohydrate in diet, selecting foods that have lower GI or a combination of both [29] (Fig. 2).

While dietary GL can be reduced by different methods (Table 2), efforts that lower risks for 
T2DM [28] and cardiovascular disease (CVD) [3], reduce GL predominantly by lowering dietary 
GI, with minimal reduction to carbohydrate (compensated by slightly higher protein) content 
[29]. Thus, healthy low-GI/GL diets are essentially matched for calories, macronutrient distribu-
tion and other aspects of nutritional adequacy afforded by conventional healthy diets. The differ-
ence remains in the source of carbohydrates, primarily with respect to staples. 

Table 1: Dietary recommendations use to lower dietary GI without causing major 
macronutrient changes.

Food Low-GI Moderate-GI High-GI

Recommendation Encouraged Moderation advised Discouraged

Cereals and grains    

Rice Parboiled Basmati rice, brown rice, 
white rice with yoghurt 
(curd rice)

White rice, fragrant rice, 
Jasmine rice, glutinous rice

Bread Multi-grain bread Pita bread, chapatti made 
from wheat atta with 
dhal

White bread, wholemeal 
bread

Breakfast cereal Muesli, coarse oat bran Quick cooking/instant 
oats

Cornflakes, chocolate 
coated cornflakes, sugar 
coated cornflakes

Noodle and pasta Macaroni, fettuccine spaghetti, 
noodles (al-dente)

Udon noodles plain Rice noodles (fried)

Biscuits Cream crackers—high calcium Digestive biscuits, 
wholemeal biscuits, 
oatmeal biscuits

Wafers, sugar coated 
biscuits

Vegetables Green peas, carrot, green 
vegetables

Sweet corn, sweet potato, 
yam

Pumpkin, tapioca potato

Fruits Apple, orange, pear, plum, 
strawberry, dates

Grapes, banana, papaya, 
mango, raisins, pineapple

Watermelon, lychee

Legumes and nuts Baked beans, kidney beans, 
soya beans, chick peas, lentils 
(dhal), mung beans, dried peas
Nuts—though low in GI, 
moderation is encouraged

– –

Dairy products Skim milk, low-fat milk, low-fat 
yoghurt

Condensed sweetened 
milk

–

Source Adapted from Shyam et al. [86]
Note Serving size recommendations need to be adhered to even when using low-GI options
Legend GI: glycaemic index
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Possible Benefits of Low Glycaemic Index Diets in GDM Management

The advocacy for low-GI foods in promoting health draws from its ability to lower postprandial 
glycaemic and insulinaemic responses [17]. Chronic consumption of high-GI foods results in 
marked rise in glycaemia [17], and demands more insulin. This demand is initially compensated 
by increased insulin secretion [12]. This increased insulin demand exacerbates insulin resistance 
[12]. Hyperinsulinaemia and insulin resistance that are central to GDM pregnancies [2], eventu-
ally lead to β-cell fatigue and increased cardiovascular risks [12] as shown in Fig. 3. 

Fig. 2: Postulated practical application of GL concept. Legend GI: glycaemic index, GL: glycaemic load, CHO: 
carbohydrate amount (g), PPG: postprandial glycaemic response. Top panel shows that a similar portion of a lower 
GI option (wholegrain bread) versus a higher GI option (wholemeal bread) will reduce GL and hence result in lower 
postprandial glycaemic response. Bottom panel shows that theoretically a smaller serving size of a higher GI option 
(high-GI rice: e.g. glutinous rice) can have a similar GL as a slightly larger serving size of a lower GI option (low-GI rice: 
e.g. Basmati rice). However the increase in total calories as the number of carbohydrate exchange increases should 
be considered.
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Table 2: Comparing options to lower dietary GL of a sample 1800 kcal diet.

 Sample Option A Option B

Diet Standard healthy diet Low-GI diet option Low-carbohydrate diet 
option

 g % en g %en g % en

Carbohydrate 248 55 248 55 180 40

Protein 90 20 90 20 68 15

Fat 50 25 50 25 70 35

Diet GI 65 50 65

Estimated diet GL 160 124 120

Satisfies dietary guidelines Yes Yes No

Diet GI classification Medium Low Medium

Expected magnitude of dietary 
change

None Medium High

Legend GI: glycaemic index, GL: glycaemic load
Bolded portions in Columns “Option A and B” highlight the changes made to the sample healthy diet to lower 
dietary GL. To achieve a similar reduction in dietary GL, the low-carbohydrate option increases fat intake and 
requires the implementation of drastic dietary changes

Fig. 3: Potential mechanisms of low-GI diets in the management of glucose homeostasis and cardiovascular risks. 
Legend: ↑: increase; ↓: decrease, GI glycaemic index

In contrast, when compared with high-GI diets, low-GI diets show a slower and more sus-
tained glycaemic response [30]. They prevent exaggerated postprandial glycaemic excursions 
during pregnancy [31]. Additionally, low-GI meals diminish glycaemic response to the subsequent 
meal [32]. Besides improving glycaemic control [33], low-GI diets improve insulin sensitivity [34]  
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Fig. 4: GI and fat oxidation. Legend: ↑: increase; ↓: decrease, GI glycaemic index. High-GI foods reduce hepatic 
carnitine palmitoyltransferase-1(CPT-1) messenger RNA (mRNA) expression [42]. CPT-1 transport fatty acids into 
mitochondria for oxidation. High-GI foods concomitantly increase hepatic acetyl-CoA carboxylase (ACC) mRNA 
expression. ACC catalyses the formation of malonyl-CoA. Malonyl-CoA is a potent inhibitor of CPT-1, resulting in 
decreased fatty acid oxidation [42, 43]. Thus, high-GI foods lower lipolysis and facilitate fat storage.

and increase β-cell function in individuals with impaired glucose tolerance [35, 36] and T2DM 
[37]. These actions prevent the degeneration of the glucose tolerance [16] and suggest the poten-
tial benefit of low-GI diet in GDM management.

Low-GI foods also lead to the increased secretion of anorexic gut hormones which induce 
satiety and suppress appetite [39, 40]. Therefore voluntary energy intake is reduced for the rest 
of the day after a low-GI meal is consumed [41]. Moreover, low-GI diets prevent decreases in fat 
oxidation induced by hyperglycaemia and hyperinsulinaemia; and increases lipolysis [38, 42]. 
The postulated mechanisms of action of dietary GI in modulating fat oxidation and body weight 
gain [42–47] are compiled in Fig. 4. Furthermore, low-GI diets increase protein retention in both 
normal and hyperinsulinaemic men [48] and favour lean body mass retention [38]. Whether 
these mechanisms can further optimise body weight management in GDM women, who are more 
likely to be obese and gain more weight during and after pregnancy [1], remains to be established. 

Additionally, low-GI diets by virtue of increased production of short chain fatty acids (SCFA) 
from colonic fermentation [49], decrease the colonic luminal pH and stimulate the absorption 
of minerals such as calcium, potassium, magnesium, copper, zinc and selenium [50]. Colonic 
fermentation also increases folate availability and promotes normal homocysteine concentrations 
[16, 51]. Colonic fermentation moreover reduces inflammation by altering the bacterial species in 
the colon [52]. These effects of low-GI diets need to be verified in GDM women.
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Interestingly, low-GI diets are especially beneficial to those with central obesity, insulin resist-
ance, hyperinsulinaemia, diabetes, hypertension and metabolic syndrome [24, 53–56]. In such 
population, low-GI/GL diet favours weight reduction, glycaemic control and CVD risk reduction, 
suggesting its potential success in the management of GDM, a condition that shares many of these 
risks.

In light of the pathophysiological similarities between GDM and T2DM [4], it is pertinent 
to note that data adds moderate to strong support for the use of low-GI diets in diabetes man-
agement [57–60]. The American Diabetes Association grades the evidence to support the sub-
stitution of high-GL foods with those with lower GL, to modestly improve glycaemic control in 
diabetes at “level C” [61]. 

Current Evidence for the Role of Low Glycaemic Index and Glycaemic 
Load Diets in GDM Management

For Maintaining or Achieving Glycaemic Control During Pregnancy

Limited evidence supports the effectiveness of low-GI diet in maintaining a good glycaemic 
control in GDM pregnancies. Only three recent RCTs have investigated the impact of low-GI diet 
on blood glucose-related parameters [62–64].

Moses et al.’s intervention on women with GDM (n = 63) at 28 weeks of gestation, found 
only 29% (n = 9) of women receiving low-GI diets required insulin, as compared to 59% (n = 19) 
of women on a conventional-high-fibre-higher-GI-diet [62]. Eventually, 50% (n = 9) of these 19 
women avoided insulin use after changing to a low-GI diet. However, the final GI of women in 
both groups were statistically similar and it was noted that increased fibre intake, reduction in 
carbohydrate intake and self-restriction of energy which occurred in both groups may have inter-
fered with the study outcomes.

Grant and colleagues reported a pilot study (n = 47) on the feasibility and effectiveness of a 
low-GI diet on glycaemic control of GDM women [63]. In contrast to Moses et al. [62], Grant et al. 
reported lower dietary GI in the low-GI vs. the control group (49 vs. 58, p = 0.001). Improvements 
in glycaemic control in both groups were reported, but 58% of low-GI group had postprandi-
al glucose within target as compared to 49% of control group (p < 0.001). This study was not 
powered to detect the small difference in self-monitored blood glucose (0.1–0.2 mmol/L) and 
postprandial blood glucose (1.2 mmol/L) observed between the study groups.

The most recent study by Hu et al. [64] was a relatively short 5-day intervention that com-
pared the effectiveness of a low-GI staple versus a normal diabetic control diet among GDM 
women (n = 140) in Guangdong, China. Similar to the earlier studies, postprandial glucose levels 
were significantly reduced in both groups. However, post-intervention glucose levels taken after 
each meal were significantly reduced only in the low-GI group. There were also significantly 
greater reductions in glucose values from baseline in low-GI compared to the control group. 
The researchers observed a reduction in glucose parameters after breakfast in this group, though 
low-GI staple foods were only consumed at lunch and dinner. While the generalisability of the 
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study findings may be limited to Asian women and the feasibility of adhering to a low-GI staple 
diet can be questioned due to a very short intervention period, the study nevertheless has set a 
good precedence for future exploration in this area.

Cumulatively these findings suggest that lowering the GI of standard diets by substituting 
high-GI staples with low-GI options may improve management of glycaemia in GDM women 
and reduce the likelihood of requiring insulin therapy. This interpretation is further supported by 
a meta-analysis [65] involving 257 participants that confirmed lesser use of insulin in the low-GI 
diet group (RR = 0.767, 95% CI = 0.597–0.986, p = 0.039) compared to those in control group. 
This translates into 13 out of 100 GDM women avoiding the use of insulin by adopting a low-GI 
diet during pregnancy [65]. 

Prevention of Complications in Pregnancy and Neonatal Outcomes

Foeto-placental overgrowth and higher infant body fat has been associated with high-GI intake 
during pregnancy, while low-GI diet reduces these tendencies [62, 66]. A small but intensive study 
by Moses and colleagues [62] showed that the consumption of low-GI diet in the second and third 
trimesters in normoglycaemic mothers reduced foetal birth weight, foetal percentile and Ponderal 
index. However PREGGIO, a similar but larger trial [67] found that an early intervention at 20 
weeks of gestation did not result in significant differences in similar neonatal outcomes. 

Accordingly, Louie et al. reported no significant difference in pregnancy outcomes such 
as birth weight, birth weight centile, prevalence of macrosomia, Ponderal index and adverse 
pregnancy outcomes after a low-GI dietary intervention that included a minimum of three 
face-to-face counselling sessions with a dietician [68]. The researchers postulated that a relative 
small five-point difference in GI between the study groups, early nutrition counselling for both 
groups, relatively lower GI than norm at the baseline, timing (third trimester) and short dura-
tion of the intervention (6–7 weeks) may have contributed to the findings. Another justification 
for the lack of difference may be the high proportion of participants with normal BMI (68%) 
and the researchers are now hypothesising low-GI diet to be more efficient among overweight 
and obese pregnant mothers who have higher level of insulin resistance and deficiency of β-cells 
[69]. However, it can be concluded that both low-GI and high fibre diet produce optimal preg-
nancy outcomes and this further strengthens the argument for safety of low-GI diet in the 
management of GDM. 

The significant relationship between maternal glycaemic control and neonatal outcomes has 
been well-established [70–73]. Higher fasting glucose during initiation of diet therapy was asso-
ciated with increased neonatal fat mass and elevated C-peptide among women treated for mild 
GDM in a multicentre RCT [71]. A higher prevalence of elevated C-peptide levels and neonatal 
outcomes such as macrosomia and large-for-gestational age babies were found among women 
with higher fasting blood glucose at the final two weeks of gestation. The findings were consist-
ent with an earlier study which described fasting glucose levels to be associated with neonatal 
adiposity and increased skinfold thickness in neonates, regardless of whether maternal GDM was 
treated with diet or insulin [72]. Expectedly, secondary analysis of the ROLO study [70] found 
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low-GI dietary intervention in pregnancy to have a beneficial effect on neonatal central adiposity, 
which was also positively associated with mother’s postprandial glucose. Although the study was 
conducted among normoglycaemic pregnant women, modest reductions in GI and GL were suffi-
cient to lower neonatal waist: length ratio in the intervention group. This indicates that improved 
dietary carbohydrate quality may be associated with reduced neonatal central adiposity rather 
than birth weight. More importantly, epidemiologic studies among healthy pregnant women 
have found associations between high diet GI and congenital malformations such as neural tube 
defects, musculoskeletal and gastrointestinal defects [74]. 

These findings illustrate the importance of carbohydrate quality during pregnancy to promote 
neonatal well-being. However, while available data indicates the potential role of low-GI diets in 
reducing fat mass and central adiposity in neonates born to GDM mothers, there is insufficient 
evidence to establish the benefit of low-GI diets in preventing excessive maternal weight gain, 
foetal abnormalities, pregnancy complications or adverse pregnancy outcomes. 

Prevention of GDM Recurrence and Overt Development of Diabetes

There is limited evidence relating low-GI diets and recurrence of GDM or development of T2DM 
among women with prior GDM. A recent Asian study [75] among women with prior GDM, com-
pared the effectiveness of low-GI diet and conventional healthy dietary recommendations and 
reported improvements in glucose tolerance with low-GI educational intervention. The greatest 
improvement in glucose tolerance was observed among women with higher baseline insulin levels 
and in the lowest quartile of dietary GI at six months. The researchers also noted a significant 
reduction in 2-h post-75 g-oral glucose tolerance test (2HPP). In contrast, 2HPP levels increased 
in the comparison group, resulting in a significant difference in 2HPP changes between groups 
(Mean difference = 2.4 mmol/L, p = 0.004). It was suggested that a reduction of 2HPP by more 
than 0.84 mmol/L may halve the risk for T2DM and low-GI diet may be able to deliver that espe-
cially among women with a history of GDM and higher insulin levels.

In another distinctive study by Ostman and colleagues [76], seven women with impaired 
glucose tolerance and history of GDM were provided with either low-GI/high-fibre or high-GI/
low-fibre bread products, during two consecutive 3-week periods, separated by a three-week 
washout period. The women receiving low-GI/high fibre bread had 35% lower insulin response 
to intravenous glucose challenge, though no effect was found on fasting glucose, insulin or lipid 
markers within the short 3 weeks of intervention. However, the sustainability of the effect remains 
to be established. 

Concerns with the Use of Low-GI Diets

Since its inception, the utility of GI concept has been voraciously debated citing methodological 
issues and nutritional concerns [18].
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Methodological Issues

Among the technical objections, the applicability of GI in mixed meals is predominantly ques-
tioned. However, studies reporting a lack of association between GI and glycaemic response when 
foods are taken as part of a mixed meal [77, 78] are thought to be methodologically flawed [14]. 
When analysed using standardised methods, the relative glycaemic impact of mixed meals is 
reportedly predicted by the amount of available carbohydrate they contain and the GI of their 
components [14].

The practical applicability of GI concept is also limited by the lack of a comprehensive GI 
database [24, 27]. While the International listing of GI and GL values is indeed comprehensive 
[13], determination of GI values of local foods is a work in progress in many countries. GI deter-
mination is cost and labour intensive and simplified methods have been devised to appropriately 
match foods and assign GI values to those with unknown values, till more local GI values become 
available [79]. As many factors affect the GI of a food, including its species, maturity (ripeness), 
storage time, processing and cooking method, [27], technical uncertainties exist in this estima-
tion process. Estimation of diet GI and GL require in-depth knowledge of carbohydrate intake 
[16] and food composition tables lack the intricate detail necessary to accurately match foods and 
their glycaemic response [80]. However, this limitation affects not only the reliability of estimating 
dietary GI but of all other nutrients as well. Specific biomarkers to assess diet intake, including diet 
GI, need to be established and will improve the objectivity of dietary assessments. 

The relationship between the dietary fibre content and the GI of a food despite being modest 
[81], confounds existing evidence for the health impact of low-GI diets which are also consist-
ently higher in dietary fibre [27]. While the proponents of GI point to validity and reproduc-
ibility of GI values determined in standardised laboratories [29], phenotypic differences among 
population in response to starch exist [82] and may limit the application of GI values as it is 
currently determined. 

Nutritional Concerns

Nutritional concerns in using GI stem from the fear that it may incite public to consume foods low 
in GI but high in fat and sugars like ice-cream, cookies, etc. [18, 27, 83]. However, GI proponents 
argue that GI should be applied only to low-fat starchy foods [84]. GI was never meant to be used 
in “isolation”, but as an adjunct to other healthy eating principles [27]. Therefore the GI concept 
cannot replace, but should rather supplement existing nutritional strategies [18]. Perhaps the best 
approach to include GI education in diabetes counselling is to focus on individualisation [83] and 
this requires appropriate dietetic supervision.

Practical Issues with Implementation 

The complexity of the GI/GL concepts make it difficult for patients to comprehend and imple-
ment the recommendations [18, 83, 85]. However, many low-GI diet books for weight control and  
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wellness have been well-received in the West. Whether this acceptance can be extended to the 
other parts of the globe remains to be answered. Interestingly, various efforts at developing simpli-
fied GI-education modules have been successful. Categorising carbohydrates with simple terms 
like “gushers” and “tricklers” may ease patient comprehension of the concept [17]. Asian RCTs 
have shown that adults can be counselled to follow low-GI diets without having to memorise GI 
values [24, 86]. However, these are findings from clinical trials run by trained researchers and the 
practicality of providing GI-education in conventional healthcare settings remains to be proven.

Another concern with low-GI diets is that it can limit food choices and compromise nutri-
tional adequacy [18, 83]. This may be especially important when dealing with pregnant women. 
Although traditional Indian and Greek cuisines include more low-GI foods than typical Western 
diets [83], adopting these food patterns may not be practical for all. Furthermore, food industries 
face challenges in producing palatable low-GI foods [84]. The issue is further compounded by 
the absence of a universally accepted logo that would facilitate consumer recognition of low-GI 
products.

While trials lasting a year or more show similar rates of adherence to low-GI and standard 
diets across continents [37, 87, 88], feasibility of long-term adherence to low-GI diets is unknown. 
While it may be possible to plan low-GI diets economically [86], its cost-effectiveness also remains 
to be established. 

Recommendations

While emerging evidence suggests the possible benefit of low-GI diets in GDM management, 
there is an urgent need for validation of the results. Optimising caloric intake to individual needs, 
restricting saturated fat, and distributing carbohydrates throughout the day will aid management 
of body weight and prevent the degeneration of glucose tolerance in GDM women. Dietary recom-
mendations should continue to encourage a moderate carbohydrate diet (45–50%), with adequate 
dietary fibre (25–30 g). Accordingly, dietary recommendations should encourage the inclusion of 
whole grains, beans, rolled oats, low-fat dairy and lean meat products, while being mindful of the 
daily energy needs. These strategies while in-line with conventional dietary goals, will also lower 
diet GI. Switching to low-GI-staples (such as whole grain breads, low-GI rice varieties and pasta) 
can be encouraged, taking cues from individual preferences. While adopting low-GI diets, there is 
a need to continue monitoring the portion sizes since postprandial glycaemia is affected by both 
the quantity and quality of carbohydrates. Low-GI diets that satisfy other nutritional considera-
tions are acceptable in the treatment of GDM.

Conclusions

Existing evidence suggests that lowering the GI of conventional healthy diets may be beneficial 
in GDM treatment for managing maternal glycaemia and neonatal adiposity. However, a few 
practical issues in implementing low-GI dietary recommendations remain unresolved at present. 
There is an urgent need for adequately powered, well-controlled trials to further investigate the  
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feasibility, acceptability, adherence, safety, clinical and cost effectiveness of low-GI dietary recom-
mendations in GDM management.
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paring the manuscript.
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