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[bookmark: abstract]Objectives: To estimate the direct and indirect costs of type 2 diabetes  mellitus (T2DM) in China in 2007 and project these costs for the year 2030, and to examine and compare the benefits of selected interventions. 

Study Design: Annual direct costs of medical and nonmedical care and indirect costs of income losses were estimated through case calculation of data from a cross-sectional survey carried out in 4 major Chinese cities from March 2007 to
September 2007. 

Methods: The subjects were consecutively recruited T2DM outpatients and inpatients from 20 secondary and tertiary hospitals using selection probability proportional to size sampling. We combined the existing data from  cost-effectiveness studies into the case estimation to examine the benefits of the observed regime of interventions for preventing and treating diabetes.

Results: Annual direct medical and direct nonmedical costs per case averaged $1320.90 and $180.80, respectively. The mean annual indirect costs of T2DM and its complications were estimated to be $206.10. Based on case numbers in 2007
and projected case numbers in 2030, the direct medical costs of T2DM and its complications were estimated to be $26.0 billion in 2007 and were projected to be $47.2 billion in 2030. 

Conclusions: The results indicated that T2DM consumes a large portion of healthcare expenditures and will continue to place a heavy burden on health budgets in the future. Preventive intervention, screening, and treatment strategies may effectively decrease the incidence and complications of diabetes and therefore save costs. 

(Am J Manag Care. 2009;15(9):593-601)
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[bookmark: body]Nearly 200 million people worldwide (or more than 5% of the global adult population) have diabetes, and this number will increase to 333 million (or 6.3% of the global adult population) by 2025.1 Diabetes affects persons of all ages as well as their families, while also placing heavy economic burdens on national economies and healthcare systems. Globally, the annual direct costs of diabetes, which include costs incurred for patient transport and care in addition to direct medical costs (DMCs), for people age 20 to 79 years are estimated to be at least $129 billion and as much as $241 billion or possibly more.1 The direct costs of diabetes consume from 2.5% to 15.0% of annual healthcare budgets, depending on local prevalence and the sophistication of available treatments. In 2025, diabetes care costs are anticipated to account for between 7% and 13% of the world’s healthcare budget.1

In China, an estimated 23.46 million people currently have diabetes2; that number is predicted to increase to 42.30 million by 2030.3 Between 1996 and 2006, the prevalence of type 2 diabetes mellitus (T2DM) increased rapidly in urban China, from 4.58% to 7.67%, and was much higher in major cities (6.1%) than in small cities (3.7%) and rural areas (1.8%).4-7 A recent study estimated the overall annual direct economic burden of diabetes among China’s urban population in 2002 to be in excess of $2.44 billion.8 In 2003, the estimate was updated to $2.29 billion for the whole population based on data from the 2003 National Health Service Investigation.9 The annual per patient DMCs of healthcare associated with T2DM patients with complications were estimated to be $1798, compared with $484 for those without complications.10 The treatment of chronic diseases is managed by a 3-level hospital system in Chinese urban areas. Under that system, patients chose to visit primary, secondary, or tertiary hospitals on their own, and may overuse healthcare services by selecting unnecessary high-level hospitals for diabetes treatment; it was reported that 997 (6%) tertiary hospitals nationwide consumed 54.73% of China’s total healthcare expenditures.11

Many of the costs associated with diabetes and its complications are preventable.12 A large number of interventions (eg, intensive blood glucose and blood pressure control, use of lipid-lowering agents, screening for and treating diabetic retinopathy, active care of feet) are known to be cost-effective, and many of these interventions also are cost-saving,13,14 although controversy remains regarding the significance of the effect of some strategies (eg, intense glucose control for prevention of microvascular complications).15-17 In recent years, 4 major trials of T2DM prevention in China,18 Finland,19 Sweden,20 and the United States21 have demonstrated that intensive lifestyle interventions involving a combination of diet and physical activity can delay or prevent diabetes among persons at high risk.

The economic burden of diabetes makes it an important clinical and public health challenge. To formulate effective plans for resource allocation, it is necessary to determine both the current and future economic burdens of the disease. The present study provides estimates of these burdens for T2DM patients in China. Cross-sectional data drawn from surveys conducted in 4 Chinese cities were used to help to determine the preventable costs under selected alternative interventions.

METHODS

Study Setting

We conducted a cross-sectional study in 4 major cities—Shanghai, Beijing, Guangzhou, and Chengdu—located in eastern, northern, southern, and western China, respectively. The eAppendix (available at www.ajmc.com) shows the locations of the cities.

Study Subjects and Sampling Design

Subjects were eligible for the study if they (1) met the 1999 World Health Organization diagnosis criteria for T2DM; (2) had received T2DM treatment for at least 1 year; (3) were age 18 years or older; (4) had lived in the city for at least 2 years; and (5) were willing and able to give written informed consent and complete the questionnaire interview.22 The eligible subjects included outpatients and inpatients. Patients in the outpatient group were recruited consecutively from the hospitals’ outpatient clinics from March 2007 to May 2007. Patients were categorized as inpatients if they were recruited from hospital wards from March 2007 to September 2007 using selection probability proportional to size sampling. Enrollment of inpatients involved 3 steps. First, using data from a previously published study that determined the proportions of complications associated with T2DM from a sample of 299 patients living in 7 Chinese urban areas, we obtained the proportion of inpatients with various complications.8 Second, we calculated the sample size of each inpatient group stratified by type of complication, using the proportions in the previous step. Finally, we recruited the subjects consecutively for each group until the predefined sample sizes were met.

Measures

The direct costs of illness are those expenditures used to purchase medical supplies and services. In this study, direct costs are further classified as DMCs and direct nonmedical costs. Direct medical costs include all expenditures for treating T2DM and any related complications, including copayment, diagnosis, treatment, diagnostic testing, prescription drugs, and medical supplies. Direct nonmedical costs include costs for services such as transportation for the patient and family members to clinics and costs for taking care of dependents. Indirect costs refer to lost income of patients and their family members, and costs for hiring nurses or care providers.

A complication was defined as an infrequent and unfavorable evolution of a disease or a health condition that was diagnosed after the onset of T2DM.
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Objectives: To estimate the direct and indirect costs of type 2 diabetes  mellitus (T2DM) in China in 2007 and project these costs for the year 2030, and to examine and compare the benefits of selected interventions. 

Study Design: Annual direct costs of medical and nonmedical care and indirect costs of income losses were estimated through case calculation of data from a cross-sectional survey carried out in 4 major Chinese cities from March 2007 to
September 2007. 

Methods: The subjects were consecutively recruited T2DM outpatients and inpatients from 20 secondary and tertiary hospitals using selection probability proportional to size sampling. We combined the existing data from  cost-effectiveness studies into the case estimation to examine the benefits of the observed regime of interventions for preventing and treating diabetes.

Results: Annual direct medical and direct nonmedical costs per case averaged $1320.90 and $180.80, respectively. The mean annual indirect costs of T2DM and its complications were estimated to be $206.10. Based on case numbers in 2007
and projected case numbers in 2030, the direct medical costs of T2DM and its complications were estimated to be $26.0 billion in 2007 and were projected to be $47.2 billion in 2030. 

Conclusions: The results indicated that T2DM consumes a large portion of healthcare expenditures and will continue to place a heavy burden on health budgets in the future. Preventive intervention, screening, and treatment strategies may effectively decrease the incidence and complications of diabetes and therefore save costs. 

(Am J Manag Care. 2009;15(9):593-601)
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Annual DMCs were estimated based on payment amounts for outpatient services and hospitalization; annual direct nonmedical costs were obtained from the patient’s self-estimate; annual indirect costs were estimated based on sick leave days taken by patients and by family members caring for patients, average daily income in urban China, and payment for hiring nurses or care providers. Specifically, for outpatients, the annual DMC was computed as the DMC per outpatient visit multiplied by the number of outpatient visits in the past 6 months multiplied by 2 plus annual hospitalization cost. For inpatients, the annual DMC was computed as the annual DMC associated with outpatient visits plus the DMC per hospitalization multiplied by number of hospitalizations in the past 12 months. The currency was adjusted to US dollars using the exchange rate as of June 15, 2007 ($1 = 7.6948 Chinese Yuan).

Subject Recruitment and Data Collection

Study coordinators who majored in clinical medicine or preventive medicine were recruited from each study site and trained by the investigators. The subjects were interviewed face-to-face in the hospitals using a survey designed by the School of Public Health at Fudan University. The survey included questions concerning patients’ demographics, diabetes characteristics, existing complications caused by T2DM, and treatment history, as well as selfestimations of the cost of T2DM and its complications. Written informed consent was obtained from all study subjects. The Ethics Committee of the School of Public Health at Fudan University approved the study.

Statistical Analysis

All data were entered into a Chinese database (EpiData version 3.1; EpiData Association, Odense, Denmark) and transferred into SPSS 16 for statistic analyses (SPSS Inc, Chicago, IL). Categorical variables were presented as counts and percentages.

Results

General Characteristics of the Study Population A total of 2054 subjects were recruited from March 2007 to September 2007. After 14 subjects were excluded for having less than 1 year of T2DM treatment history or not providing cost information, 1524 outpatients and 516 inpatients were eligible for analysis (Table 1). The 2040 subjects ranged in age from 18 to 97 years (average age 64.2 years). More than 90% reported having some kind of medical insurance; about 70% reported a personal income below $260 per month. Among outpatients, 39.4% did not suffer complications; the median number of complications was 1 (range: 0-8). Of the 516 inpatient subjects, only 5.8% did not experience complications; the median number of complications was 3 (range: 0-10).

2007 Estimation of Costs

Because the cost data were skewed, medians and quartiles were reported together with means. The DMC for each hospitalization averaged $2294.10; the DMC per outpatient visit averaged $40.70 (Table 2). Care for T2DM was associated with 7.3 ± 7.2 outpatient visits per outpatient in the past 6 months, and an average of 1.7 ± 1.4 hospitalizations for inpatients in the past 12 months. The DMC was calculated by taking into account the DMCs of the current visit and the number of outpatient visits, plus annual hospitalization costs in the past year; annualizing these sums yielded an estimated mean annual DMC of $1030.10. The corresponding sum for inpatients was $2309 per hospitalization.

Mean direct nonmedical costs were estimated to be $180.80 ($165 and $227.80 for outpatients and inpatients, respectively) annually. Using the 2007 urban China average per capita daily income of $10.87, the annual indirect costs of T2DM and its complications were $206.10, or $99.40 and $515.70 for outpatients and inpatients, respectively.

Economic Burden Estimation and Projection

We applied data from this sample to the Chinese population as a whole. Table 3 summarizes estimated national annual DMCs for subjects who had differing numbers of complications. For subjects with only 1 complication, more detailed subgroups are provided.

Assuming a prevalence of 23.46 million T2DM patients nationwide,2 the estimated national DMCs for T2DM and its complications were $26.0 billion per year, or 18.2% of China’s total health expenditures ($142.5 billion in 2007).23 Using an estimated prevalence of 42.3 million T2DM patients in the year 2030, annual DMCs were projected to be $47.2 billion. Annual direct nonmedical costs for T2DM and its complications in 2007 were estimated to be $4.0 billion and projected to be $7.2 billion in 2030. Thus, the total direct costs in 2007 were $30.0 billion, which exceeded the 2003 estimate of $22.9 billion.9 Similarly, indirect costs in 2007 were estimated to be $2.2 billion and were projected to be $4.0 billion in 2030. In total, the estimated economic cost of T2DM and its complications was $32.2 billion for 23.46 million T2DM patients in 2007 and projected to be $58.5 billion for 42.3 million T2DM patients in 2030. Estimated Benefits of Intervention for Preventing Diabetes and Its Complications

We examined the benefits of the observed regimen of interventions to prevent and treat diabetes in China (Table 4). The World Bank determined that lifestyle interventions for preventing T2DM could reduce the incidence among persons at high risk by 35% to 58%.13 (High-risk persons were those with either impaired glucose tolerance or T2DM, as estimated from the current cross-sectional study. Impaired glucose tolerance was defined as 2-hour glucose levels of 140-199 mg/dL [7.8/11.0 mmol] on the venous plasma glucose tolerance test.) Assuming that 95% of individuals would adhere to the program, the lifestyle interventions could result in $8.6 billion to $14.2 billion saved in T2DM health expenditures in 2030. Alternative scenarios assuming that China had the same share of indirect costs (as part of the total costs) as the United States24 and Latin America and the Caribbean25 yield potential total costs savings of $11.4 billion to $18.9 billion and $44.3 billion to $73.4 billion in 2030, respectively. Similarly, if using the World Bank–recommended metformin interventions for preventing T2DM in 17.2 million individuals at high risk, the incidence may be reduced by 25% to 31%, resulting in potential cost savings of $6.1 billion to $7.6 billion in 2030. If the higher US and Latin American and Caribbean shares of indirect costs were used, the interventions would save a projected $8.2 billion to $10.1 billion and $31.6 billion to $39.2 billion, respectively.
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Beijing doctor Li Guangwei sees China’s struggle with 90 million diabetes sufferers daily. Among the standing-room-only crowd waiting outside his clinic door are patients with slurred speech, mismatched clothes and aggression. 
These are the ones with low blood-sugar, a condition that can make people appear drunk and is often caused by too much of the hormone insulin, said Li, head of Fuwai Hospital’s diabetes unit. More than half of China’s diabetics have inadequate blood- glucose control, a 2011 study of 140,000 patients showed. 
Enlarge image [image: China Diabetes Triples Creating $3.2 Billion Drug Market: Health ]
Obese patients wash their plates after lunch at the Aimin Fat Reduction Hospital in Tianjin, China. China has surpassed some rich countries long plagued with diabetes to develop the world's biggest epidemic. Photographer: Ng Han Guan/AP Photo 
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Prevalence of Type 2 diabetes, a disease linked to inactivity and excess calories, has more than tripled in China over the past decade, fueling 20 percent-a-year growth in drug sales and straining health services. It’s also stoking need for newer, costlier medications from Merck & Co. (MRK), Novo Nordisk A/S (NOVOB) and Sanofi that help avoid blood-sugar spikes and complications such as heart attack and stroke. 
“If we can choose drugs with little or no risk to more effectively treat patients, we can stop using older drugs that raise insulin levels and can cause hypoglycemia,” said Li, using the medical term for low-blood sugar that sometimes causes his patients to become delirious and to pick fights. “It impairs brain function and there’s no way to stop it until we get the blood sugar back to normal.” 
Merck, Novo Nordisk 
The mainstay diabetes treatment worldwide is metformin, available free in China through the government’s national health insurance program. Doctors want to augment the 50-year-old pill with newer medicines, such as Januvia from Merck, which helps to stabilize blood-sugar, according to an April 2012 paper in the journal Diabetes & Metabolism. Victoza, sold by Novo Nordisk, offers “minimum risk of hypoglycemia,” according to company- sponsored research in the Lancet in 2010. 
Novo fell 0.5 percent to 915.50 kroner at 11:09 a.m. in Copenhagen trading, while Sanofi declined 1.6 percent to 68.34 euros in Paris. The Bloomberg Europe Pharmaceutical Index (BEPHARM) dropped 0.1 percent. 
As few as two in five diabetics in China have their blood- sugar under control, said Ji Linong, president of the Chinese Diabetes Society, potentially damaging the heart, blood vessels, kidneys, eyes and feet. That compares with the U.S., where blood-sugar is controlled in 70 percent, according to Manish Pant, director of policy and programs at the International Diabetes Federation in Brussels. 
Average Spending 
A key difference is that an average of $194 a year is spent treating each diabetes patient in China, versus more than $5,000 in developed countries such as the U.S., the IDF said. Even as China’s health spending is forecast to almost triple to $1 trillion over the next eight years, surging rates of diabetes mean China is struggling to detect cases and provide basic care, according to Pant. 
China has almost four times as many people with diabetes than the U.S., where there are 23.7 million sufferers, according to the IDF. By 2030, 40 million more will have the condition in China, where diabetes causes 173.4 billion yuan ($28 billion) a year in medical costs, the diabetes group estimates. 
“China, unfortunately, has become the world’s capital for diabetes,” said Michael Rosenblatt, Merck’s chief medical officer, in an Oct. 25 interview in Shanghai. “The government is starting to pay more attention as this is the beginning of a huge problem, both health and economic.” 
China’s diabetes drugs market will expand 20 percent annually to reach 20 billion yuan ($3.2 billion) by 2016, spurred by guidelines that set higher treatment standards, said Yan Shangjun, a Shanghai-based consultant with IMS Health Inc. China’s pharmaceuticals market overall will increase 15-to-18 percent a year to reach as much as $165 billion over the same period, the research company said in July. 
Medicines for the Masses 
Merck’s Januvia was approved for use in China in 2009 and costs 9.6 yuan ($1.50) per 100-milligram tablet, typically taken daily. Merck has applied to have the medicine added to China’s National Drug Reimbursement List, the Whitehouse Station, New Jersey-based drugmaker said in an e-mail. 
It takes as long as five years for a new product to be added to the reimbursement list, McKinsey & Co. said in an August report. Addition makes it available to the masses and can bolster sales, with 12 of the top 15 multinational drugmakers deriving more than half their sales in China from subsidy- eligible medicines, the report said. 
“The government is afraid of accepting at a national level a high cost reimbursement structure that they can’t afford,” said George Baeder, senior vice president of Asia-Pacific consulting with Quintiles Transnational Corp. 
Wealthier Patients 
Still, wealthier patients will pay out of pocket to get better care, said Lu Bin, a diabetes specialist at Shanghai’s Huashan Hospital. 
“There will be real demand for newer drugs that don’t cause hypoglycemia and other side effects,” Lu said in an interview at the hospital’s diabetes clinic, where the waiting room was full at 8 a.m. on a Friday morning. “In Shanghai, where incomes are higher, most people should be able to afford it, but outside the first-tier cities there may be issues.” 
Some more-affluent provinces are introducing their own pharmaceutical subsidies to improve affordability, encouraging drugmakers to target markets outside major urban centers, said Joseph Cho, head of the Research and Development-Based Pharmaceutical Association Committee, a Beijing-based group representing foreign companies. 
“We see a massive opportunity to move deeper into the country,” said Fabrice Baschiera, general manager of Sanofi (SAN)’s China drugs business. “We’ve moved into the tier-two cities, and we’re moving deeper into the tier-three and the counties, where the government is today investing massively because there is a huge unmet need.” 
Sanofi’s Lantus 
Sanofi sells Lantus, an insulin product that Baschiera estimates has 17 percent of the market in China. 
China has overtaken Japan to become Novo Nordisk’s biggest market after the U.S., Chief Scientific Officer Mads Krogsgaard Thomsen said. 
“We expect China to grow in the range of 15 percent a year,” he said. “China has such a huge problem -- we are talking about 100 million diabetes patients versus 26 million in the U.S.” 
Novo Nordisk, the world’s largest insulin marker, wants to supply provincial-level centers with higher-volume, lower-margin insulin products. At the same time, Thomsen said, it’s targeting more profitable markets in China’s biggest cities with products such as Victoza, which mimics a hormone called GLP-1 to stimulate natural insulin production. 
The Bagsvaerd, Denmark-based company said it hasn’t applied for reimbursement for Victoza yet as the window for review isn’t currently open. A 10-to-15-day course of Victoza, approved in China in 2011, costs as much as 878 yuan ($140), Novo said. 
The company lifted its 2012 sales and profit forecasts on Oct. 31 after third-quarter earnings beat analyst estimates, helped by demand for Victoza in new markets. 
To contact Bloomberg News staff for this story: Daryl Loo in Beijing at dloo7@bloomberg.net 
To contact the editor responsible for this story: Jason Gale at j.gale@bloomberg.net 
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