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Objective: Diabetic peripheral neuropathy (DPN) causes significant illness in patients and has a negative impact on the economy. The objective of this study is to evaluate the cost and quantity of anti-diabetic drugs needed by patients with or without DPN, as well as their variation trends in Beijing between 2016 and 2018.

Methods: This observational cross-sectional study used data on diabetic patients with outpatient medication records obtained from Beijing Medical Insurance from 2016 to 2018. The medications, comorbidities, diabetes-related complications, treatment strategies, and costs of drug treatment were compared between DPN patients and non-DPN patients.

Results: Of the 28,53,036 diabetic patients included in the study, 3,75,216 (13.15%) had DPN and 1,87,710 (50.03%) of the DPN patients were women. Compared with non-DPN patients, DPN patients used more mediations (4.7 ± 2.47 vs. 3.77 ± 2.32, p < 0.0001, in 2018) to treat related complications and comorbidities (2.03 ± 1.2 vs. 1.71 ± 1.05; 2.68 ± 1.93 vs. 2.06 ± 1.86, p < 0.0001, respectively, in 2018). The total annual costs of drug treatment were higher in DPN patients than in non-DPN patients (¥12583.25 ± 10671.48 vs. ¥9810.91 ± 9234.14, p < 0.0001, in 2018). The usage of DDP4i increased from 2.55 to 6.63% in non-DPN patients and from 4.45 to 10.09% in DPN patients from 2017 to 2018.

Conclusions: The number of comorbidities, diabetic complications, medications, and annual drug treatment costs were greater in DPN patients than in non-DPN patients.
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Introduction

Diabetes has become a major public health challenge of the 21st century (1). The 2021 version of the International Diabetes Federation's (IDF) Diabetes Atlas10 estimated that one in 10 adults has diabetes. This equals 537 million people (10.5% of the global population) at a global level. The total number of people with diabetes is projected to increase to 643 million (11.3% of the global population) by 2030 and to 783 million (12.2% of the global population) by 2045 (2). This is extremely worrying as an increase in the prevalence of diabetes will also increase the overall number of chronic and acute diseases and have a profound impact on the quality of life, demand for health services, and economic expenses (3). Specifically, diabetes-related comorbidities and complications cause a medical and financial burden, e.g., macrovascular complications of diabetes, including coronary atherosclerotic heart disease (CAD), stroke, and microvascular complications, such as diabetic nephropathy, diabetic retinopathy (DR), and neuropathy, are a significant part of the burden associated with diabetes (3–5).

Extensive literature has quantified the economic burden of diabetes in China (5–7). As reported by the journal Lancet Diabetes & Endocrinology, the global cost of diabetes was US$1.31 trillion, or 1.8% of the global gross domestic product (GDP), in 2015 (5). The World Health Organization (WHO) estimated that the cost of lost productivity for people with diabetes can be more than five times the direct cost of the disease (8). Based on the IDF data, China was ranked first for the number of people with diabetes and the number of people with undiagnosed diabetes, as well as second in the world for diabetes-related health spending (2).

As the prevalence of diabetes increases, the burden of diabetes-related complications is set to increase as well. Diabetic peripheral neuropathy (DPN) is one of the most common chronic complications of diabetes, and it is estimated that it occurs in up to half of all individuals with type 1 or type 2 diabetes mellitus (9, 10). The first China Diabetes Atlas showed that the prevalence of DPN among type 2 diabetes mellitus (T2DM) in China fluctuated between 8.4 and 61.8% (11). The prevalence of comorbidities, such as hypertension, dyslipidemia, CAD, and osteoporosis is higher in diabetic patients with DPN than in those without DPN (12–14). In general, DPN also imposed a heavy financial burden on the healthcare system and society (15). It was reported that a quarter of the US healthcare expenditure on diabetes was spent on DPN (16, 17). In Europe, the direct cost of amputation per patient varied from US $13,842 in 2001 to US $83,728 between 2005 and 2009 (18). However, there is a lack of research on the overall healthcare costs and costs of anti-diabetic drugs for diabetes patients with DPN in China.

In this study, we conducted a cost-effectiveness analysis to examine the differences in glycemic control strategies and healthcare costs between diabetic patients with DPN and those without DPN and to investigate changes in their glucose-lowering medications and related costs, using medical insurance data from 2016 to 2018 in Beijing, China.



Patients and methods


Study design and setting

We conducted a retrospective, observational study to analyze the differences in anti-diabetic medication and related costs in diabetes patients with and without DPN. The study was approved by the Ethics Committee of the Beijing Hospital.



Study participants and data collection

This study enrolled diabetic patients who had outpatient medical records with Beijing Medical Insurance from 2016 to 2018. The diagnosis of diabetes is based on the World Health Organization's (WHO) 1999 criteria. The study's exclusion criteria were (1) no diagnosis of diabetes (no diabetes recorded in the primary or secondary diagnosis) and (2) no continuous prescription recorded for more than 2 months. In the current health insurance reimbursement system, it is not possible to prescribe drugs for more than 30 days at a time.

We collected the following information from the Beijing health insurance database: ICD diagnosis, gender, age, comorbidities, complications, medications (hypoglycemic and non-hypoglycemic), insulin use, medication costs, etc.



Definitions of comorbidities and complications

We divided diabetic patients into DPN and non-DPN groups based on outpatient prescriptions in the Beijing medical insurance database.

Comorbidities in people with diabetes include hypertension, CAD, dyslipidemia, chronic respiratory disease (CRD), and osteoporosis. Diabetes-related complications are as follows: DPN, diabetic kidney disease (DKD), DR, and diabetic angiopathy (DA).



Anti-glycemic treatment and definitions used

Receiving hypoglycemic medication was defined as the patient having received at least one hypoglycemic drug therapy in at least one of the study years. In this study, the glucose-lowering drugs covered by medical insurance included insulin and oral hypoglycemic agents (OADs). OADs contain α-glucosidase inhibitors (AGIs), metformin, sulfonylureas (SUs), thiazolidinediones, and glinides. Types of insulin include rapid, short-, medium-, and long-term actions, as well as premixed insulin. We classified diabetes treatment strategies into the following three categories: (1) monotherapy: patients who have received only one documented prescription of a hypoglycemic drug in the past year, (2) oral combination therapy: patients taking two or more different classes of oral hypoglycemic drugs within the past year, and (3) combined OADs and insulin therapy: the patient has had at least one prescription of an OAD and one prescription of insulin in the past year.



Statistical analysis

The study data were statistically analyzed using SAS software version 9.4. Data satisfying a normal distribution were shown as mean ± standard deviation (x ± SD), such as the number of medications, comorbidities, medication costs, and percentage distribution of diagnosed diseases, such as hypertension, dyslipidemia, and osteoporosis. These data were compared statistically using the Wilcoxon rank sum test. Negative binomial models and log link functions were used when the distribution of variables was too dispersed. The multivariate regression model was used to control for confounders. Data on categorical variables were expressed as numbers and percentages, such as the insulin usage rate and the gender/age ratio. A chi-square test (χ2) and Fisher's exact test were used for comparison; a p-value of < 0.05 was considered statistically significant.




Results


Baseline characteristics

In total, 28,53,036 diabetic patients were enrolled in this study (8,97,385 diabetic patients in 2016, 9,59,509 diabetic patients in 2017, and 9,96,142 diabetic patients in 2018). A flowchart of patient enrollment is shown in Figure 1. Of those, 3,75,216 (13.15%) had DPN and 1,87,710 (50.03%) of DPN patients were women (Table 1).


[image: Figure 1]
FIGURE 1
 Patient enrollment flow chart. DM, diabetes mellitus; DPN, diabetic peripheral neuropathy.



TABLE 1 Numbers of medications in stratified patient groups.
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The age of the diabetic patients in this study was mostly concentrated in the age group of 45–84 years, accounting for 89.2% (25,44,777/28,53,036). In addition, 51.3% of the diabetic patients in this study were men (14,64,378/28,53,036). Among the patients with DPN included in this study, the age of onset was mostly concentrated in the age group of 45–84 years, accounting for 92.25% (3,46,151/3,75,216) (Table 2).


TABLE 2 Demographic characteristics of diabetic patients in Beijing between 2016 and 2018.
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We compared DPN patients with non-DPN patients in terms of comorbidities and complications. DPN patients were more likely to have comorbidities, such as hypertension (68.4 vs. 60.2%, p < 0.0001), CHD (58.6 vs. 47.3%, p < 0.0001), dyslipidemia (60.1 vs. 45.7%, p < 0.0001), chronic respiratory disease (CRD) (21.7 vs. 17.0%, p < 0.0001), and osteoporosis (21.2 vs. 12.1%, p < 0.0001) than those without DPN. Diabetic patients with DPN were also more likely to develop complications, such as DKD (6.5 vs. 3.3%, p < 0.0001), DR (12.9 vs. 2.8%, p < 0.0001), and DA (11.7 vs. 1.7%, p < 0.0001) than those without DPN (all p's < 0.0001 from 2016 to 2018; we only list data from 2018 in the text) (Table 1).



Differences in medications and costs between diabetic patients with DPN and without DPN

We further revealed that diabetic patients with DPN are more likely to develop comorbidities than non-DPN patients (3.7 ± 1.46 vs. 1.91 ± 1.38, p < 0.0001), both in terms of glycemic diseases and non-glycemic diseases (2.03 ± 1.2 vs. 1.71 ± 1.05; 2.68 ± 1.93 vs. 2.06 ± 1.86, p < 0.0001, respectively) (Table 3). Then, we focused on medications and the costs of treating diabetic patients. DPN patients used more mediations than non-DPN patients (4.7 ± 2.47 vs. 3.77 ± 2.32, p < 0.0001), including hypoglycemic drugs and non-hypoglycemic drugs (2.03 ± 1.2 vs. 1.71 ± 1.05; 2.68 ± 1.93 vs. 2.06 ± 1.86, p < 0.0001, respectively). In terms of medication costs, DPN patients had higher costs than non-DPN patients (¥12583.25 ± 10671.48 vs. ¥9810.91 ± 9234.14, p < 0.0001), including the cost of hypoglycemic drugs and non-hypoglycemic drugs (¥6497.28 ± 8190.2 vs. ¥5138.49 ± 6791.55; ¥6085.97 ±5 946.58 vs. ¥4672.43 ± 5547.26, p < 0.0001, respectively). Meanwhile, we found that there was a significant difference between the total annual drug cost/number of drugs between DPN patients and non-DPN patients, which was higher in DPN patients (2613.24 ± 2003.41 vs. 2520.95 ± 2509.1, p < 0.0001), not only regarding the total annual hypoglycemic drug cost/number of drugs but also regarding non-hypoglycemic drugs (¥2800.55 ± 3067.12 vs. ¥2634.51 ± 3216.73; ¥1987.74 ± 1751.53 vs. ¥1716.11 ± 1919.47, p < 0.0001, respectively) (all p's < 0.0001 from 2016 to 2018; we only listed data from 2018 in the text) (Table 3).


TABLE 3 The difference in medications, comorbidities, and drug costs between non-DPN and DPN diabetes patients.
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Diabetic patients with DPN used more drugs than non-DPN patients regardless of their age, gender, or whether they had hypertension, dyslipidemia, CHD, osteoporosis, DKD, DR, or DA. In addition, the number of drugs used increases with the number of comorbidities or complications (Table 3). Similarly, regardless of age, gender, comorbidities, or complications of diabetes, diabetic patients had higher total annual drug costs. As the number of comorbidities or complications increases, the cost of medication also increases (Table 4).


TABLE 4 Total annual drugs costs of non-DPN and DPN diabetes patients.
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The difference in diabetes therapy regimens between DPN and non-DPN patients

Diabetic patients preferred using premixed insulin. In 2016–2018, the proportions of diabetic patients with DPN using premixed insulin were 55.5, 52.8, and 50.3%, respectively; and the proportions of diabetic patients without DPN using premixed insulin were 61.6, 59.8, and 56.3%, respectively. Regardless of whether patients were DPN or non-DPN patients, the usage of premixed, short-acting, and intermediate-acting insulins decreased each year during 2016–2018, and the use of fast-acting and long-acting insulins gradually increased.

Compared to non-DPN diabetic patients, diabetic patients with DPN were less likely to use premixed insulin (55.5 vs. 61.6%, p < 0.0001, in 2016; 52.8 vs. 59.8%, p < 0 .0001, in 2017; 50.3 vs. 56.3%, p < 0.0001, in 2018), more likely to use fast-acting insulin (11.4 vs. 7.5%, p < 0.0001, in 2016; 13.5 vs. 9.5%, p < 0.0001, in 2017; 14.7 vs. 11.2%, p < 0.0001, in 2018), more likely to use intermediate-acting insulin (16.3 vs. 15.1%, p < 0.001; 14.6 vs. 13.5%, p < 0.0001; 13.0 vs. 12.2%, p < 0.0001), and more likely to use long-acting insulin (26.1 vs. 19.7%, p < 0.001; 30.6 vs. 23.2%, p < 0.0001; 34.3 vs. 27.6%, p < 0.0001, in 2018) (Table 5).


TABLE 5 Different types of insulin used by non-DPN and DPN diabetes patients from 2016 to 2018.

[image: Table 5]

In this study, the vast majority of diabetic patients with or without DPN initiated glucose-lowering drug therapy (86.2–89.3%). DPN patients preferred OAD combination therapy (52.6 vs. 44.9%, p < 0.0001, in 2018) and preferred a combination of three OADs (AGIs + Metformin+ SUs) (6.2 vs. 5.3%, p < 0.001, in 2018). Patients with DPN also preferred OADs in combination with insulin therapy (29.3 vs. 17.5%, p < 0.0001) (Table 6).


TABLE 6 Differences in therapy regimens between non-DPN and DPN diabetes patients from 2016 to 2018.
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Changes in anti-diabetic drugs and costs

Based on Figure 2, we visualized that the most commonly used OADs for diabetic patients with or without DPN were AGIs and metformin. Specifically, in 2018, 52.6% of DPN patients took AGIs, and 55.43% of DPN patients took metformin, whereas 48.97% of non-DPN patients took AGIs, and 51.25% of non-DPN patients took metformin. From 2016 to 2018, the use of metformin increased year-on-year in both patient categories. Specifically, it increased from 42.77 to 51.25% in non-DPN patients and from 47.24 to 55.43% in DPN patients. In addition, dipeptidyl peptidase-4 inhibitors (DDP4is) usage increased significantly from 2017 to 2018: from 2.55 to 6.63% in non-DPN patients and from 4.45 to 10.09% in DPN patients.


[image: Figure 2]
FIGURE 2
 Changes in use of hypoglycemic drugs in diabetic patients with or without diabetic peripheral neuropathy. (A) Changes in the use of hypoglycemic drugs (non-diabetic peripheral neuropathy). (B) Changes in the use of hypoglycemic drugs (diabetic peripheral neuropathy). AGIs, a-glucosidase inhibitors.


When focused on the change in medication costs over these 3 years, we found that the total annual cost/drug decreased from ¥10609.56 ±1 0697.11 to ¥9810.91 ± 9234.14 (hypoglycemic drugs decreased from ¥5333.88 ± 7757.33 to ¥5138.49 ± 6791.55 and non-hypoglycemic drugs decreased from ¥5275.68 ± 6525.5 to ¥4672.43 ± 5547.26). From 2016 to 2018, the cost per drug decreased from ¥2821.75 ± 3016.4 to ¥2520.95 ± 2509.1 (cost/anti-glycemic drug decreased from ¥2900.98 ± 3819.06 to ¥2634.51 ± 3216.73; cost/non–anti-glycemic drug decreased from ¥1928.28 ± 2303.26 to 1716.11 ± 1919.47) (Table 2).




Discussion

In this observational study, we analyzed and compared the baseline characteristics, costs, and drugs of diabetic patients with and without DPN. We found that DPN patients were more likely to be female, to have comorbidities and diabetic complications, to use more medications, and to spend more in terms of total annual medication costs. This study also showed the change in drug and medication costs from 2016 to 2018 for diabetic patients with and without DPN.

Diabetes-related complications were key cost drivers in diabetes management (19). Several studies have analyzed the medical costs of diabetes-related complications in Asian countries (19–24). However, these studies did not distinguish between specific complications and did not look at the medication and financial burden of DPN on people with diabetes. Our study examined diabetic patients in the database of Beijing Medical Insurance to determine if DPN had an impact on their medication, as well as its financial burden for diabetic patients.

Being female was considered a risk factor for macrovascular complications of diabetes, but studies on gender differences in diabetes-related microvascular complications are scarce, and the results have been inconsistent (25). In this study, we found that the majority of diabetic patients were men, but women with diabetes were more likely to develop DPN. This result was consistent with earlier findings reported in the literature (26–29). In addition, some studies found that women with diabetes also experienced neuropathic pain more often than men (17, 28, 29). In contrast, Abraham et al. concluded that although nerve damage and polyneuropathy were more common in men with diabetes, women with diabetes had a higher frequency and intensity of pain (28). Moreover, a review by Maric-Bilkan (30) showed that the prevalence of DPN in T2DM was 46.2% in Caucasian women and 52.6% in Caucasian men; the prevalence of DPN in T2DM is higher in women than in men in Asian populations. As for T1DM, men were more likely to develop DPN. However, some studies have suggested that DPN is more prevalent in men with diabetes (25, 31). The TODAY study included 699 adolescents with T2DM and followed up with 674 of them for up to 15 years. It found a higher cumulative incidence of DPN via the Michigan Neuropathy Screening Instrument exam (MNSI-exam) and a monofilament exam in men than in women (38.5 vs. 27.2% for MNSI, p = 0.002; 14.0 vs. 5.1% for monofilament, p = 0.002) (31).

As mentioned above, there may be ethnic and/or environmental components underlying sex differences in the prevalence of DPN. In addition, female patients might be more likely to talk about neurological symptoms than male patients. Furthermore, the age of the patients who were included in the different studies also varied. Although some progress has been made in understanding the role of gender in DPN complications, many questions and controversies remain. The correlation between changes in sex hormone levels and microvascular complications has not been confirmed yet. Future research could focus on the pathophysiological mechanisms that might contribute to personalized and gender-specific treatment.

We also found that participants with DPN had a higher prevalence of comorbidities compared to non-DPN participants. It was suggested that some cardiovascular risk factors are associated with DPN, especially high triglyceride levels (14, 15, 27). However, it was debated whether dyslipidemia itself was an independent risk factor for DPN or whether hyperglycemia caused by dyslipidemia led to DPN (15). In addition, hypertension has been considered a potential risk factor for DPN (14, 32). One study found that the risk of DPN from hypertension was not related to illness duration or other complications, including microalbuminuria and overt nephropathy (32). Furthermore, osteoporosis was closely associated with DPN. A meta-analysis of 11 studies showed that patients with diabetic neuropathy were significantly more likely to develop osteoporosis or fragility fractures (overall OR 2.20, 95% CI 1.71–2.83) (12). It was also found that COPD was associated with peripheral neuropathy (33).

Similarly, in our study, diabetic patients with DPN had higher rates of DKD, DR, and DA compared to diabetic patients without DPN. DKD refers to chronic kidney disease (CKD) caused by diabetes. CKD leads to systemic vascular diseases, including microvascular disease, which are believed to contribute to more rapid nerve damage occurring in patients (34, 35). There are also functional studies that showed that both DR and DPN are closely associated with impaired microvascular reactivity (36). Previous studies reported an association between significant signs of DR and an increased risk of DPN (36–38). In addition to microangiopathy, previous studies also found that macroangiopathy is closely associated with the development of DPN (38, 39).

According to the results of this study, the total cost of medication was higher for DPN patients than for non-DPN patients. The study did not distinguish between direct and indirect medical costs and only considered the recorded total costs (direct costs are those attributable to diabetes, while indirect costs include increased absenteeism, reduced productivity, and inability to work due to disability) (40). This was consistent with other studies in which the average number of medications and the associated costs increased in patients with diabetes with complications compared to those without complications (40–43). In 2012, the economic burden of diabetes-related health resources and productivity in the United States was US $245 billion, of which 18% was spent on treating diabetes-related complications (43). In addition, several studies in China confirmed that diabetes-related complications increase the financial burden of people with diabetes. A study was conducted between 2016 and 2018 that included 18,59,039 patients with T2DM with comorbidities from the Beijing Medical Claim Data for Employees database. The study estimated the cost of complications using a generalized estimating equation model adjusted for age, gender, and the incidence of various complications. It also estimated an average total cost of US $1,712,000 for patients with combined complications of diabetes and an additional cost of US $883.90 for patients with diabetic neuropathy due to neuropathy 1 year after the onset of the disease (44).

The most frequently used OADs for diabetic patients are metformin and AGIs. Although metformin is the first-choice drug for monotherapy, T2DM patients in China tend to have post-prandial hypoglycemia, so AGIs remain the first glucose-lowering drug considered by Chinese diabetes patients (42). In this study, we found that patients with diabetes were more likely to choose premixed insulin. We assume that the main reason for this is the ease of administration and the high compliance of patients with premixed insulin. In addition to this, we believe that Chinese people have a more carbohydrate-based diet with a richer lunch and dinner, which leads to higher post-prandial blood glucose levels, and are, therefore, more suitable for premixed insulin. Patients with DPN used short-acting and long-acting insulins more frequently than non-DPN patients. We consider that DPN patients have a long duration of disease, poor glycemic control, and poor islet function and that they need better glycemic control. It has been suggested that intensive insulin therapy can improve diabetic microvascular complications, including DPN (45–47). Therefore, clinically, intensive insulin therapy regimens may be recommended more often for patients with DPN. However, data on hard endpoint outcomes for a direct comparison of basal and premixed analogs for the treatment of patients with diabetes are not yet available (48).

DPP4i was admitted to the Beijing Medical Insurance catalog in China in 2017. In this study, we saw a gradual increase in the use of DPP4i from 2017 to 2018. The usage of DPP4i was higher in DPN patients than in non-DPN patients. DPP4i benefitted from being highly orally available, posing a low risk of hypoglycemia and minimal risk of major adverse cardiovascular events. These features combined made DPP4i suitable for use in older adult or vulnerable patients who often suffered from comorbidities and complications (49). Animal studies verified that DPP4i improved neuropathy in streptozotocin (STZ)-induced diabetic mice (50, 51). However, population studies on the effects of DPP4i on DPN were scarce. Ashit et al. conducted a prospective, open study including 20 cases of T2DM. The study assessed the efficacy and tolerability of DPP4i in DPN and diabetic autonomic neuropathy. They concluded that Teneligliptin not only improved patients' glycemic status but also improved their peripheral and autonomic neuropathy and reduced vascular inflammation (52).

There is a lack of studies addressing the burden of a single complication of diabetes, and there are even fewer studies addressing the burden of DPN. This is the first study in China to compare the burden of DPN and non-DPN patients. This study, thus, has significant value. Its data, stemming from a large sample, adequately reflects the differences between DPN and non-DPN patients in terms of baseline, medication use, and medication costs and provides very important reference values for understanding DPN, medication use, and the resulting socio-economic burden.



Limitations

Our study is not without limitations. First, this study is an observational cross-sectional study, reflecting data for each year from 2016 to 2018 for diabetic patients in Beijing only, without following up with patients, so we cannot make statements regarding changes in the same patients' conditions, medication, and medication costs over time. Later studies can examine patients with 3 years of follow-up for further analysis. In addition, we did not stratify type 1 and type 2 diabetes mellitus. Considering the different pathogenesis of DPN in type 1 and type 2 diabetes mellitus, there may be some differences in comorbidities, complications, and medication use. Meanwhile, this study only reflects data from Beijing, which has a developed economy, and the burden of disease in China varies greatly by geographical location, so the data in this study cannot reflect the national situation. Moreover, data on newer hypoglycemic drugs were lacking, and the use of new hypoglycemic drugs and potentially beneficial effects may improve the illness and financial burden associated with DPN. Finally, this study lacked data on economic factors, education, income, etc., which might also have an impact on medication choice and expenditure.



Conclusion

In conclusion, this retrospective study, based on a large sample of diabetic patients diagnosed in outpatient clinics with Beijing Health Insurance, analyzed the medication regimens and costs of treatment for diabetic patients with DPN and those without DPN. DPN is more common in female diabetic patients, and they are more likely to have comorbidities and diabetic complications, use more medications, and have higher total medical costs. Our research contributes to the literature on the growing global economic burden of DPN. Knowing the cost of diabetes and its major complications is essential for raising awareness and devising strategies to reduce its prevalence and impact, as well as for early screening and standardized treatment that can reduce costs.
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Non-DPN DPN Wilcoxon test p-value

Adjusted mean Adjusted mean

Age

15-44y 2,16,630 7517.8 7495.06 9323.67 17,565 11010.88 10989.55 1202098 58.8546 <0.0001
45-64y 13,15,710 10000.89 9996.60 9810.73 1,74,950 12951.69 1294675 11477.49 96.4691 <0.0001
65-84y 8,82,916 10644.98 10643.45 9840.9 1,71,201 13244.19 13250.62 11099.43 1016165 <0.0001
=85y 62,564 10632.87 10636.00 10127.42 11,500 121755 12181.82 11059.09 105.0678 <0.0001
Sex

Male 1,276,872 10128.95 9504.30 9952.88 1,87,506 130563 11911.98 1128053 178.0398 <0.0001
Female 12,00,948 9923.28 12728.51 9683.06 1,87,710 12884.8 14978.93 11379.52 92.8037 <0.0001
Hypertension 14,97,645 12330.72 1251521 10045.48 2,58,791 148565 1419436 1161092 64.2892 <0.0001
CAD 11,87,407 13161.26 7127.39 10302.23 223157 15196.79 844559 11906.89 1425171 <0.0001
Dyslipidemia 11,06,492 13509.67 13976.04 10404.05 222411 15669.63 15257.10 11739.75 173.6331 <0.0001
CRD 4,42,464 11800.09 18571.81 10445.18 85,821 14975.58 20339.09 12428.67 1823109 <0.0001
Osteoporosis 322,964 122524 12483.96 10612.66 83,257 14493.08 1424555 12189.42 404147 <0.0001
DPN 3,75,216 129705 16707.28 1133047

DKD 92,672 14135.44 9736.14 12460.96 28,077 17338.63 12417.97 13699.57 61.5765 <0.0001
DR 75,372 133726 6404.78 1158321 51,655 15752.66 8464.19 1212482 303318 <0.0001
DA 43,537 1328439 7017.06 1169337 45,822 14963.77 9367.49 12106.85 14.0058 <0.0001

Number of comorbidities

0 4,80,262 4760.23 4727.26 8037.12 37,038 5945.46 5769.27 8385.7 36.1948 <0.0001
1 551,143 7174 7127.39 7538.94 63,274 8643.61 8445.59 8667.65 17.7083 <0.0001
2 6,04,051 10152.27 10090.00 8521.55 92,854 11741.67 11524.15 9630.3 2.0027 0.0226
3 6,01,221 14069.36 13976.044 10256.52 1,14,730 15485.85 15257.10 11336.9 17.9445 <0.0001
4 2,11,651 16398.58 16337.20 11223.03 56,335 17890.62 17706.73 12905.61 147.8046 <0.0001
5 29492 18601.52 18571.81 12485 10,985 20463.85 20399.09 14194.39 145.146 <0.0001

Number of complications

0 22,83,312 9740.12 9342.23 9576.2

1 1,78,188 13128.78 12483.96 11652.9 2,68,837 11993.89 11424.32 10775.11 115.0047 <0.0001
2 15,567 16569.34 15750.07 13429.17 88,519 14970.68 14245.55 12016.59 139.7284 <0.0001
3 753 18140.7 17169.68 11885.64 16,545 17555.11 16707.28 12976.86 141.8745 <0.0001
4 1315 20304.79 19327.80 16560.8

The multivariable regression model included the covariables: age, gender, hypertension, CAD, dyslipidemia, CRD, osteoporosis, DPN, DKD, DR, DA, and year; 0, absence of the disease; 1, the presence of the disease; CAD, coronary atherosclerotic heart disease; DA,
diabetic angiopathies; DKD, diabetic kidney disease; DPN, diabetic peripheral neuropathy; DR, diabetic retinopathy; 0, 1, 2, 3, 4, 5, the number of comorbidities or complications.
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test p-
value
Adjusted mean adjusted mean
Age
15-44y 2,16,630 265 264 2.02 17,565 3.68 3.68 231 <0.0001
45-64y 13,15,710 3.69 3.69 23 1,74,950 4.62 4.62 246 <0.0001
65-84y 8,82,916 398 398 237 1,71,201 48 4.80 25 <0.0001
=85y 62,564 385 385 231 11,500 441 4.42 249 <0.0001
Gender
Male 1,276,872 3.77 3.47 233 1,87,506 4.68 4.24 2.46 <0.0001
Female 12,00,948 3.64 441 233 1,87,710 4.62 516 25 <0.0001
Hypertension
14,97,645 474 143 219 2,58,791 548 4.90 231 <0.0001
CAD
11,87,407 4.83 270 228 223,157 544 3.02 241 <0.0001
Dyslipidemia
11,06,492 4.95 5.14 228 2,22,411 5.58 5.50 2.32 <0.0001
CRD
4,42,464 425 6.17 236 85,821 5.14 655 254 <0.0001
Osteoporosis
322,964 442 4.18 233 83,257 5.08 4.88 249 <0.0001
DPN
3,75216 4.65 5.52 2.48
DKD
92,672 451 357 257 28,077 556 4.40 252 <0.0001
DR
75,372 4.72 207 261 51,655 551 271 252 <0.0001
DA
43,537 48 2.60 248 45,822 524 335 248 <0.0001
Number of comorbidities
0 4,80,262 15 1.48 1.1 37,038 1.86 1.80 1.35 <0.0001
1 551,143 275 2.70 1.56 63,274 312 3.02 1.74 <0.0001
2 6,04,051 391 383 1.87 92,854 435 422 1.99 0.201
3 6,01,221 527 5.14 214 1,14,730 5.66 5.50 223 <0.0001
4 2,11,651 5.85 572 217 56,335 6.26 6.10 229 <0.0001
5 29,492 629 6.17 226 10,985 671 655 242 <0.0001
Number of complications
0 22,83,312 3.64 3.43 229
1 1,78,188 447 4.18 255 2,68,837 439 4.12 242 <0.0001
2 15,567 553 5.15 2.46 88,519 521 4.88 25 <0.0001
3 753 597 552 251 16,545 5.88 551 246 <0.0001
4 1,315 6.42 6.02 248

The multivariable regression model included the covariables: age, gender, hypertension, CAD, dyslipidemia, CRD, osteoporosis, DPN, DKD, DR, DA, and year; 0, absence of the disease; 1, presence of the disease; CAD, coronary atherosclerotic heart disease; DA,
diabetic angiopathies; DKD, diabetic kidney disease; DPN, diabetic peripheral neuropathy; DR, diabetic retinopathy; 0, 1, 2, 3 4, 5, the number of comorbidities or complications.
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Non-DPN ] 2\) Xz test 2016, X2 test 2017, XZ test 2018,
p value p value p value
2016 (100%) 2017 (100%) 2018 (100%) 2016 (100%) 2017 (100%) 2018 (100%)
Total 7,81,886 100.00% 8,35,948 100.00% 8,59,986 100.00% 1,15,499 100.00% 1,23,561 100.00% 1,36,156 100.00% <0.0001 <0.0001 <0.0001
Age group
15-d4y 68,496 (8.8%) 73,587 (8.8%) 74,547 (8.7%) 5,647 (4.9%) 5,858 (4.7%) 6,060 (4.5%)
45-64y 423,252 (54.1%) 4,44,728 (53.2%) 447,730 (52.1%) 55,396 (48%) 57,521 (46.6%) 62,033 (45.6%)
65-84y 2,72,710 (34.9%) 2,96,803 (35.5%) 3,13,403 (36.4%) 51,453 (44.5%) 56,370 (45.6%) 63,378 (46.5%)
=85y 17,428 (2.29%) 20,830 (2.5%) 24,306 (2.8%) 3,003 (2.6%) 3,812 (3.1%) 4,685 (3.4%)
Gender (%) <0.0001 <0.0001 <0.0001
Male 3,94,568 (50.5%) 4,29,064 (51.3%) 4,53,240 (52.7%) 56,858 (49.29%) 61,827 (50%) 68,821 (50.5%)
Female 3,87,318 (49.5%) 4,06,884 (48.7%) 4,06,746 (47.3%) 58,641 (50.8%) 61,734 (50%) 67,335 (49.5%)
Hypertension (%) <0.0001 <0.0001 <0.0001
4,70,879 (60.2%) 5,09,001 (60.9%) 5,17,765 (60.2%) 79,719 (69%) 85,910 (69.5%) 93,162 (68.49%)
CAD (%) <0.0001 <0.0001 <0.0001
3,72,711 (47.7%) 4,08,205 (48.8%) 4,06,491 (47.3%) 68,726 (59.5%) 74,600 (60.4%) 79,831 (58.6%)
Dislipidemia (%) <0.0001 <0.0001 <0.0001
3,36,375 (43%) 3,76,701 (45.1%) 393,416 (45.7%) 66,695 (57.7%) 73,828 (59.8%) 818,88 (60.1%)
CRD (%) <0.0001 <0.0001 <0.0001
1,40,807 (18%) 1,55,560 (18.6%) 1,46,097 (17.0%) 26,834 (23.2%) 29,395 (23.8%) 29,592 (21.7%)
Osteoporosis (%) <0.0001 <0.0001 <0.0001
1,06,274 (13.6%) 1,12,640 (13.5%) 1,04,050 (12.1%) 26,294 (22.8%) 28,034 (22.7%) 28,929 (21.2%)
DKD <0.0001 <0.0001 <0.0001
33,221 (4.2%) 31,445 (3.8%) 28,006 (3.3%) 9,858 (8.5%) 9,334 (7.6%) 8,885 (6.5%)
DR <0.0001 <0.0001 <0.0001
25,282 (3.2%) 25,952 (3.1%) 24,138 (2.8%) 16,615 (14.4%) 17,437 (14.1%) 17,603 (12.9%)
DA <0.0001 <0.0001 <0.0001
14,494 (1.9%) 14,762 (1.8%) 14,281 (1.79%) 14,751 (12.8%) 15,098 (12.2%) 15,973 (11.7%)

CAD, coronary atherosclerotic heart disease; CRD, chronic respiratory disease; DA, diabetic angiopathies; DKD, diabetic kidney disease; DPN, diabetic peripheral neuropathy; DR, diabetic retinopathy.
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Type of 6, 2018,
insulin p-value p-value
Fast-acting <0.0001 <0.0001 <0.0001
0 1,83,976 (92.5%) 1,90,225 (90.5%) 1,84,453 (88.8%) 38,460 (88.6%) 39,289 (86.5%) 41,466 (85.3%)

1 14,980 (7.5%) 19,892 (9.5%) 23,372 (11.2%) 4,926 (11.4%) 6,157 (13.5%) 7,125 (14.7%)

Short-acting 0.0003 <0.0001 0.1389.
0 1,73,647 (87.3%) 1,86,014 (88.5%) 1,85,793 (89.4%) 37,586 (86.6%) 39,925 (87.9%) 43,328 (89.2%)

1 25,309 (12.7%) 24,103 (11.5%) 22,032 (10.6%) 5,800 (13.4%) 5,521 (12.1%) 5,263 (10.8%)

Intermediate-acting <0.0001 <0.0001 <0.0001
0 1,68,896 (84.9%) 1,81,755 (86.5%) 1,82,437 (87.8%) 36,326 (83.7%) 38,797 (85.4%) 42,257 (87.0%)

1 30,060 (15.1%) 28,362 (13.5%) 25,388 (12.2%) 7,060 (16.3%) 6,649 (14.6%) 6,334 (13.0%)

Long-acting <0.0001 <0.0001 <0.0001
0 1,59,763 (80.3%) 1,61,271 (76.8%) 1,50,533 (72.4%) 32,066 (73.9%) 31,522 (69.4%) 31,928 (65.7%)

1 39,193 (19.7%) 48,846 (23.2%) 57,292 (27.6%) 11,320 (26.1%) 13,924 (30.6%) 16,663 (34.3%)

Premixed <0.0001 <0.0001 <0.0001
0 76,378 (38.4%) 84,540 (40.29%) 90,909 (43.7%) 19,328 (44.5%) 21,437 (47.2%) 24,166 (49.7%)

1 1,22,578 (61.6%) 1,25,577 (59.8%) 1,16,916 (56.3%) 24,058 (55.5%) 24,009 (52.8%) 24,425 (50.3%)

DPN, diabetic peripheral neuropathy.
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Non-DPN DPN 2016, 2017, 2018,

2016 (%) 2017 (%) 2016 (%) 2017(%) 2018 (%) prvalue p-value p-value
Receiving any antidiabetic drugs <0.0001 <0.0001 <0.0001
0 1,07,836 (13.8%) 1,04,007 (12.4%) 95,037 (11.1%) 15,051 (13.0%) 14,645 (11.9%) | asia (10.7%)
1 6,74,050 (86.2%) 7,31,941 (87.6%) 7,64,949 (88.9%) 1,00,448 (87%) 1,08,916 (88.1%) . 121642
(89.3%)
Monotherapy <0.0001 <0.0001 <0.0001
2,84,280 (36.4%) 2,90,545 (34.8%) 2,92,701 (34.0%) 27,600 (23.9%) 28,259 (22.9%) 30,950 (22.7%)
a-glucosidase <0.0001 <0.0001 <0.0001
1,02,168 (13.1%) 1,02,162 (12.2%) 99,738 (11.6%) 9,018 (7.8%) 9,301 (7.5%) 9,526 (7.0%)
Metformin <0.0001 <0.0001 <0.0001
86,482 (11.1%) 99,028 (11.8%) 1,08,846 (12.7%) 7,684 (6.7%) 8,865 (7.2%) 11,062 (8.1%)
SUs <0.0001 <0.0001 <0.0001
27,778 (3.6%) 26,486 (3.2%) 24,112 (2.8%) 2,641 (2.3%) 2,428 2%) 2,333 (1.7%)
Premixed insulin <0.0001 <0.0001 <0.0001
40,765 (5.2%) 35,220 (4.2%) 29,973 (3.5%) 4,838 (4.2%) 4,278 (3.5%) 4,165 (3.1%)
DPP-4i <0.0001 <0.0001
- 2256 (0.3%) 6118 (0.7%) 243 (0.2%) [ (0.5%)
Glinides <0.0001 <0.0001 <0.0001
8903 (1.1%) 7819 (0.9%) 6741 (0.8%) 1079 (0.9%) 910 (0.7%) 885 (0.6%)
Oral combination therapy <0.0001 <0.0001 <0.0001
3,03,125 (38.8%) 3,52,095 (42.1%) 3,86,510 (44.9%) 53,684 (46.5%) 61,813 (50%) 71,615 (52.6%)
AGls+ metformin <0.0001 <0.0001 <0.0001
61,805 (7.9%) 74,791 (8.9%) 83,387 (9.7%) 8,090 (7%) 9,591 (7.8%) 11,090 (8.1%)
AGls + SUs <0.0001 7 <0.0001 <0.0001
46,194 (5.9%) 44,396 (5.3%) 40,622 (4.7%) 6,252 (5.4%) 6,022 (4.9%) 5592 (4.1%)
Metformin+ SUs <0.0001 <0.0001 <0.0001
41,254 (5.3%) 44,867 (5.4%) 45,167 (5.3%) 5,197 (4.5%) 5533 (45%) | 5,867 (4.3%)
AGls + metformin+ SUs <0.0001 <0.0001 <0.0001
38,487 (4.9%) 44,222 (5.3%) 45,806 (5.3%) 7,026 (6.1%) 7,804 (6.3%) 8,401 (6.2%)
Metformin+DPP-4i 0.7136 0.9439
3982 (0.5%) 11004 (1.3%) 583 (0.5%) 1,753 (1.3%)
Metformin+ glinides 0.5695 0.8684 0.1211
10,642 (1.4%) 10,389 (1.2%) 9,613 (1.1%) 1,610 (1.4%) 1,539 (1.2%) 1,464 (1.1%)
AGls + glinides 0.4139 0.869 0.2478
9,059 (1.2%) 8,486 (1%) 7,468 (0.9%) 1,382 (1.2%) 1,269 (1%) 1,145 (0.8%)
Oral+ insulin <0.0001 <0.0001 <0.0001
1,30,551 (16.7%) 1,47,566 (17.7%) 1,50,425 (17.5%) 33,861 (29.3%) 36,629 (29.6%) 39,869 (29.3%)
AGls + premixed insulin <0.0001 <0.0001 <0.0001
28,454 (3.6%) 28,471 (3.4%) 25,244 (2.9%) 5,593 (4.8%) 5,006 (4.1%) 4,656 (3.4%)
AGls + metformin+ insulin <0.0001 <0.0001 <0.0001
14,015 (1.8%) 18,503 (2.2%) 18,797 (2.2%) 4,009 (3.5%) 4,408 (3.6%) 4,599 (3.4%)
Metformin+ premixed insulin <0.0001 <0.0001 <0.0001
15,021 (1.9%) 16,062 (1.9%) 15,283 (1.8%) 3,386 (2.9%) 3,493 (2.8%) | 350 (2.6%)

AGls, alpha-glucosidase inhibitors; Sus, sulfonylureas; DDP-4i, dipeptidyl peptidase-4 inhibitor; DPN, diabetic peripheral neuropathy.
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