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Introduction: The Global Burden of Diseases Study systematically updates the dementia burden attributable to high fasting plasma glucose (HFPG) to investigate the temporal trends of dementia burden and promote comparisons between countries, sexes, and age groups. In this study, we aimed to estimate the disease burden of dementia attributable to HFPG using an age-period-cohort model in adults aged >60 years from 1990 to 2021 and forecast the mortality and disability-adjusted life-years (DALYs) rates in China and globally in 2040.

Method: Data on the mortality and DALYs rates of dementia attributable to HFPG in China and globally were extracted from the Global Burden of Disease Study 2021. An age-period-cohort model was used to estimate the net drift, local drift, fitted longitudinal age-specific rates, and period/cohort relative risks from 1990 to 2021. The Bayesian age-period-cohort model was used to predict future mortality and DALYs rates from 2022 to 2040.

Results: The net drifts showed an overall upward trend in the dementia burden attributable to HFPG in China and globally from 1990 to 2021, with a much slower trend in China. A constantly rising risk for age and birth cohort effects was observed, while period effects presented a globally constantly increasing risk and two inflection points in China, probably due to healthcare reform. The forecasted disease burden by 2040 demonstrated an increasing trend globally and a declining trend in China.

Conclusion: The burden of dementia attributable to HFPG has consistently increased globally over the past 30 years but has gradually declined in China in recent years. China’s strategies for preventing and managing diabetes and dementia may provide valuable insights for other regions. Further targeted policies are required to reduce the burden on females and older adults, particularly to improve their quality of life.
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1 Introduction

Alzheimer’s disease and other dementias (hereafter referred to as dementia) are the most common causes of neurodegenerative diseases and neurological disorders (1). As reported, dementia accounted for 4.4% (2.4 million) of the total deaths, being the fifth leading cause of death worldwide (2). The disease burden of dementia has been well documented and is heterogeneous across different areas. China and Japan have shown an increase in the age-standardized prevalence of dementia, while some countries including the United States of America (USA), United Kingdom (UK), Sweden, and the Netherlands have reported declines (2). In 2021, China accounted for 26.7% (15.3 million) of the global number of dementia cases (3). Notably, among individuals aged >60 years, the estimated number of dementia cases in China is 9.5 million largely due to population aging, with a prevalence of 5.3% (4). The increase in the disease burden of dementia accentuates the importance of developing precise prevention and intervention strategies for dementia in China and globally, especially for older populations.

Accumulating evidence has shown that over one-third of dementia cases could be delayed or prevented by the management of modifiable risk factors (5, 6). Numerous studies have identified multiple modifiable risk factors associated with increased dementia incidence and disease progression, including metabolic risk factors (e.g., hypertension, type 2 diabetes, hyperlipidemia), smoking, and physical inactivity 12 (7–9). Among these risk factors, high fasting plasma glucose (HFPG) is a well-defined risk factor for dementia as well as a leading global disease risk factor. In 2021, the global number of deaths and disability-adjusted life-years (DALYs) attributed to HFPG was 6.5 million and 172.1 million, accounting for 11.30 and 6.41% of all-cause deaths and DALYs, respectively (10). Additionally, due to population aging, unhealthier dietary patterns, urbanization, and the lower physical activity level and higher prevalence of obesity, the global mean level of glucose is rising and HFPG is becoming more popular (11). Specifically, as reported before, higher glucose levels increased the relative risk of dementia among individuals without and with diabetes (12). Evidence have showed that glucose-related mitochondrial dysfunction, oxidative stress, and toxic effects lead to vascular damage and structural changes in learning-related brain areas, subsequently resulting in cognitive impairment and dementia (13–15).

Therefore, ascertaining the dementia burden attributable to HFPG across different countries, age groups, and sexes is critical for prioritizing actions for the precise and targeted prevention of dementia and HFPG. Previous evidence has shown that the proportion of dementia attributable to HFPG among Chinese females aged ≥40 years has slightly decreased in recent years. Is there a similar decreasing trend in the entire older Chinese population? If so, what are the underlying reasons for this change and is this trend also observed in other regions? Addressing these questions may provide insights into global prevention and control strategies. However, the deaths and DALYs due to dementia attributable to HFPG in older populations in China and globally remain unclear. Moreover, an in-depth analysis of the temporal trends in age, period, and birth cohort effects is still lacking. In addition to quantifying the current HFPG-attributable burden of dementia, forecasts of the death and DALYs rates of dementia may help in planning more precise and cost-effective policies and the allocation of resources.

The Global Burden of Diseases Study (GBD) systematically updates the dementia burden attributable to HFPG in 204 countries and territories, creating opportunities to investigate the temporal trends of dementia burden and promote comparisons between countries, sexes, and age groups. In this study, we estimated HFPG-attributable dementia-related deaths and DALYs using an age-period-cohort (APC) model in individuals aged >60 years in China and globally from 1990 to 2021 and forecasted the death and DALYs rates in 2040. Our study aimed to provide proposals for policy and program implementation to increase awareness of HFPG-attributable dementia and improve the diagnosis and control of HFPG to reduce the dementia burden.



2 Materials and methods


2.1 Study data

Data on the burden of Alzheimer’s disease and other dementias attributable to HFPG in China and globally were collected using the Global Health Data Exchange GBD 2021 Results Tool (http://ghdx.healthdata.org/gbd-results-tool), which quantifies the disease burden related to risk factors worldwide from 1990 to 2021. This study complied with the Guidelines for Accurate and Transparent Health Estimation Reporting and informed consent was not required.

In the GBD 2021, the burden of nonfatal disease was modeled using Disease Modeling Meta-Regression (DisMod-MR) 2.1, a Bayesian compartmental model (16). Data on risk factors were presented in the population attributable fraction (PAF) of a disease attributable to a particular risk factor with a 95% uncertainty interval (UI). The PAF is the proportion of the cause that will decrease if the exposure to a certain risk factor in the past has been reduced to the theoretical minimum risk exposure level of a certain population (17). The deaths attributed to HFPG were calculated by multiplying the PAF by the number of deaths. Detailed methods for the estimation of dementia burden attributable to HFPG and the general methods of the GBD have been described previously (18, 19).

The dementia burden attributable to HFPG by sex (males, females, and both sexes), country, and eight age categories (5-year groups within the ages of 60–94 years, and ≥95 years) from 1990 to 2021 were also collected. We compared countries based on their sociodemographic indices (SDIs), a composite indicator of health comprising average income per capita, average years of schooling, and total fertility rate (19, 20).



2.2 Definitions

The definition of Alzheimer’s disease and other dementia in the GBD 2021 were from the Diagnostic and Statistical Manual of Mental Disorders (DSM) III, III-R, IV, or V, or the International Classification of Diseases (ICD)-8, ICD-9, or ICD-10 (21, 22). The theoretical minimum risk exposure level at which the risk of health outcomes was lowest was 4.5–5.4 mmol/L for HFPG (23).



2.3 Measurements

The GBD 2021 estimated the attributable number of deaths, mortality, age-standardized mortality rates (ASMR), years of life lost (YLL, calculated as the number of deaths in each age group multiplied by the remaining life expectancy of that age group), years of life lived with disability (YLD, years lived with health loss weighted by the severity of disability), DALYs, and age-standardized DALYs rates (ASDR) of Alzheimer’s and other dementias attributed to HFPG. DALYs are a comprehensive measure calculated as the sum of YLL and YLD, also defined as the years of healthy life lost, which accounts for premature death and disability (23).



2.4 Statistical analysis

The APC model was used to evaluate the contributions of age, period, and cohort to the effect of HFPG on the dementia burden (24, 25). APC analysis can reduce the interaction between the three factors and provide accurate results for each effect. The age effect refers to the effects of changes in biological aging. Period effect refers to changes in mortality and DALY rates over time that simultaneously affect all age groups. This can be attributed to developments in disease classification, screening methods, and medical techniques. The cohort effect represents long-term trends in disease mortality and DALY rates influenced by group lifestyles, exposure to risk factors, and changing environments. In this study, estimates of net drift, local drift, longitudinal age curve, period rate ratio (RR), and cohort RR were used to demonstrate the effects of age, period, and cohort. Net drift (% per year) refers to the overall annual percentage change in the ASMR and ASDR over time. The local drift refers to the annual percentage change of mortality and DALY rates for each age group and represents the log-linear trend by period and birth cohort (26). The longitudinal age curve is the fitted longitudinal age-specific rate adjusted for period bias in the reference cohort. Period RR or cohort RR reflect the period or cohort relative risk adjusted for age and the nonlinear period or cohort effects versus the reference one (27). Based on recommendations from the literature, we set the 2002–2006 period and 1937–1946 birth cohort as the references (28).

The Bayesian APC model was used to predict future age-specific mortality and DALYs rates of Alzheimer’s disease and other dementias attributed to HFPG from 2022 to 2040 (24, 25). Assuming that the three effects are similar in the adjacent time, the Bayesian APC model adopts a second-order random walk to smooth the priors of age, period, and cohort effects to predict posteriori mortality and DALY rates. In this study, the age, period, and cohort effects were assumed to follow a gamma distribution with parameters (1, 0.00005), and the overdispersion parameter was assumed to follow a gamma distribution with parameters (1, 0.005). This approach combines nested Laplace approximations, which show more favorable coverage and precision than other methods, by avoiding any mixing and convergence problems caused by sampling techniques related to the Markov Chain Monte Carlo. version 4.2.0. All analyses were conducted using R version 4.2.0. The Bayesian APC model was implemented by calling the BAPC package within the INLA package.




3 Results


3.1 Overall trends in dementia disease burden attributable to HFPG in China and globally

Supplementary Figure 1 shows trends in the incidence and prevalence of dementia in China and globally. The data show that the global incidence and prevalence have remained stable with fluctuations, whereas those in China have exhibited an overall upward trend, reaching a peak increase after 2010. Table 1 presents the deaths, DALYs, YLDs, and YLLs for Alzheimer’s disease and other dementias attributable to HFPG in 1990 and 2021. Table 2 displays the percentage change and net drift in the age-standardized rates in China and globally from 1990 to 2021. Overall, dementia’s disease burden attributable to HFPG in older adults are on an upward trend in China and globally. From 1990 to 2021, the number of dementia-related deaths in older adults in China increased by approximately 350.8%, reaching 58838.24 by 2021. The ASMR was 3.64 (95% UI: 0.14, 11.53) per 100000 population in 2021, a 7.7% increase from 1990. Furthermore, the APC model estimated the net drift of ASMR at 0.36% (95% confidence interval [CI]: 0.29–0.44%) and 1.17% (95% CI: 1.14–1.20%) per year in China and globally, respectively. For DALY, the ASDR was 66.72 (95% UI: 3.91, 177.01) per 100000 population in 2021 in China. The APC model estimated the net drift of the ASDR to be 0.52% (95% CI: 0.48–0.56%) and 1.16% (95% CI: 1.14–1.18%) per year in China and globally, respectively. The trends in YLD and YLL are similar to those described above. Overall, China had a much lower upward trend in dementia disease burden attributable to HFPG than at the global level.



TABLE 1 The burden of dementia attributable to high fasting plasma glucose in China and globally.
[image: Table1]



TABLE 2 Trends in the burden of dementia attributable to high fasting plasma glucose from 1990 to 2021 in China and globally.
[image: Table2]

The national ASMR and ASDR in 2021 as well as the net drift of the ASMR and ASDR from 1990 to 2021 are shown in Figure 1 and Supplementary Tables S1, S2. In 2021, among the 204 countries and territories, 35 countries had an ASMR lower than 2.51 (the lower one-sixth), most of which were low-to middle-SDI countries, and 34 countries had an ASMR greater than 4.73 (upper one-sixth), most of which were middle-to high-SDI countries. The average ASMR was 3.48, 3.76, 3.85, 3.47, and 2.93 in the high-, middle-high-, middle-, middle-low-, and low-SDI countries, respectively. Although China had the highest number of Alzheimer’s disease-related deaths attributable to HFPG, owing to its large population, the ASMR was at the upper medium level, with modest net drifts in ASMR. The ASDR and its net drift from 1990 to 2021 were similar to those of the ASMR in China and globally.

[image: Figure 1]

FIGURE 1
 The ASMR and ASDR in 2021 and their net drift from 1990 to 2021 in 204 countries and territories. ASMR, age-standardized mortality rate; ASDR, age-standardized DALY rate; DALYs, disability-adjusted life years. (A) ASMR; (B) ASDR; (C) Net drift of ASMR; (D) Net drift of ASDR.




3.2 Temporal trends in dementia disease burden attributable to HFPG across different age groups

The annual percentage changes in dementia disease burden attributable to HFPG across different age groups, that is, the local drifts in mortality and DALYs rates derived from the APC model, are presented in Figures 2A,B and Supplementary Tables S3, S4. In China and globally, the mortality and DALYs rates have demonstrated an overall increasing trend across all age groups and sexes. Globally, a U-shaped trend is observed with increasing age. In contrast, in China, the annual percentage increase in mortality and DALYs rates showed a downward trend with increasing age. The annual percentage increase in males was significantly higher than that in females across all age groups. Compared with the global level, the local drift in both mortality and DALYs rates in China is much lower, at less than 1% per year.

[image: Figure 2]

FIGURE 2
 Local drift and age distribution of mortality and DALY rates from 1990 to 2021. DALY, disability-adjusted life year. (A) Annual change of mortality rate; (B) Annual change of DALYs rate; (C) Proportion of deaths; (D) Proportion of DALYs.


Temporal changes in the age distribution of deaths and DALYs attributable to HFPG are illustrated in Figures 2C,D and Supplementary Tables S5, S6. The age distributions of deaths and DALYs in China and globally were similar and the overall trend of change over time was flat. The absolute number of deaths and DALYs were nearly evenly distributed in each age group. Although the >95 years age group did not have the highest number of deaths due to HFPG, the mortality rate was the highest due to the relatively small population in this age group.



3.3 Age, period, and birth cohort effects on dementia disease burden attributable to HFPG

The age, period, and birth cohort effects of the APC models are shown in Figure 3 and Supplementary Tables S7–S12. Generally, for both mortality and DALYs rates, age effects presented similar patterns in China and globally, with the lowest risk existed in the 60–64 years group with risk increasing with age and reaching the highest in the >95 years age group (Figure 3A). In addition, females had higher mortality and DALYs rates than males across all age groups. Globally, period effects show an overall constantly increasing risk of mortality and DALYs rates. In China, it is worth noting that the period effects presented a declining risk after the 1997–2001 period, which may have been due to the decision to promote health reform and development promulgated in 1997. After 2011, another rising and declining risk pattern was observed. This may be due to the promotion of new healthcare reforms in China in 2009. The first upward risk may be due to the increased screening and diagnosis of hyperglycemia after the new healthcare reform, followed by a decrease in risk due to better management and control of diabetes and dementia (Figure 3B). For birth cohort effects, overall, constantly rising risks of mortality and DALYs rates were observed both in China and globally.

[image: Figure 3]

FIGURE 3
 Age, period, and birth cohort effects on burden of dementia attributable to high fasting plasma glucose. DALY, disability-adjusted life year. (A) Age effects of mortality and DALYs; (B) Period effects of mortality and DALYs; (C) Cohort effects of mortality and DALYs.


Temporal trends in the burden of dementia attributable to HFPG in several exemplary countries across different SDI quintiles with age, period, and birth cohort effects are shown in Supplementary Figures 2, 3. Increasing trends in mortality and DALYs rates were observed across all age groups in all the exemplary countries. Compared with these exemplary countries, the overall annual percentage increase in China was lower, at less than 1% per year, across all age groups. Additionally, in contrast to China, the annual percentage increase in the USA, a country with high SDI, increased with age. In the APC models, for both mortality and DALYs rates, the age effects increased with age, and the period and cohort risks worsened in recent years in all exemplary countries, whereas the period risks in China showed inflection points of decline.



3.4 Forecasted mortality and DALYs rates in 2040

We demonstrated trends in mortality and DALY rates of dementia attributable to the HFPG from 1990 to 2021 and forecasted future rates in 2040 (Figure 4). By 2021, it is worth noting that there was a gradual downward trend in ASMR (annual percent change = −1.81, p < 0.001) and ASDR (annual percent change = −0.92, p < 0.001) in China after 2015, while the global trend was consistently upward (ASMR: annual percent change = 0.17, p < 0.001; ASDR: annual percent change = 0.37, p < 0.001). Similarly, both the forecasted ASMR and ASDR from 2022 to 2040 demonstrate an increasing trend globally and a declining trend in China (Figures 4A,B and Supplementary Tables S13, S15). Notably, in China, the decline in ASMR was significantly higher than that in ASDR. The ASMR is expected to decline by 17.7% from 3.60 in 2021 to 2.97 in 2040, whereas the ASDR is expected to decline by 7.9% from 64.48 in 2021 to 59.38 in 2040. In addition, the increase in males from 1990 to 2021 was higher than that in females; by 2040, the decline in males is projected to be slightly lower than that in females for ASMR (30.0% vs. 31.8%) but higher for ASDR (24.9% vs. 17.5%). Globally, all age groups showed increasing trends for both mortality and DALY rates by 2040 (Figures 4C,D and Supplementary Tables S14, S16). In China, an inverse downward trend was observed in all age groups. The percentage of decline increased with age, reaching the highest in the >95 years group (23.0% for ASMR and 14.1% for ASDR) (Figures 4E,F).

[image: Figure 4]

FIGURE 4
 Forecasted mortality and DALY rates of dementia attributable to high fasting plasma glucose in 2040. DALY, disability-adjusted life year. (A) Age-standardized mortality rate; (B) Age-standardized DALYs rate; (C) Mortality rate in Global; (D) DALYs rate in Global; (E) Mortality rate in China; (F) DALYs rate in China.





4 Discussion

In this study of adults aged >60 years, we found that the dementia disease burden attributable to HFPG was on an upward trend in China and globally from 1990 to 2021. However, China showed a much slower upward trend than the global level, and after 2015, it showed a declining trend. Local drifts in mortality and DALY rates showed a downward trend in China with increasing age. In the APC models, age and birth cohort effects presented a constant rising risk both in China and globally, while period effects showed a constant rising risk globally and two inflection points in China. Additionally, the ASMR and ASDR were higher in middle-to-high SDI countries than in low SDI countries, and higher in females than in males. The forecasted ASMR and ASDR by 2040 demonstrated an increasing trend globally and a declining trend in China. Notably, the decline in ASMR was significantly greater than that in ASDR in China.

HFPG leads to cognitive decline by triggering systemic inflammation, disrupting the blood–brain barrier, and causing hippocampal atrophy (29). Additionally, insulin resistance impairs brain cognitive function and promotes the formation of β-amyloid plaques, further exacerbating neurodegeneration (30). Li et al.’s study also confirmed that elevated fasting glucose is a risk factor for dementia (31). The disease burden of dementia attributable to HFPG was highly heterogeneous across regions. Our results demonstrated that the ASMR and ASDR of dementia attributable to HFPG were higher in countries with middle-to-high SDI. These findings reveal that the disease burden of dementia attributable to the HFPG may be heavier in countries with a higher SDI. This could be attributed to several factors. First, life expectancy in high-SDI countries is higher than that at the global level. Second, the case surveillance and reporting systems are better developed in high SDI countries, which enables early recognition and diagnosis of hyperglycemia and dementia (32). Third, due to the progress of urbanization, unhealthy dietary patterns, and lower physical activity levels, the prevalence rates of metabolic diseases (hypertension, type 2 diabetes mellitus, and non-alcoholic fatty liver disease) will show the greatest growth in high SDI countries from 2000 to 2021 (33). These adverse trends in lifestyles and metabolism have contributed to the increased burden of hyperglycemia and subsequent dementia. Therefore, countries with a higher SDI may need to prioritize lifestyle and dietary interventions, such as advocating for reduced consumption of high-sugar and high-fat foods and increased levels of physical activity.

In the APC analysis, the age effects showed an exponentially increasing trend after 60 years of age, reaching the highest value in the >95 years age group. This is consistent with the trend in the overall dementia burden across age groups in China (34). Globally, the annual growth rate peaks in individuals <70 years and >80 years. In contrast, the annual growth rate among Chinese residents tends to decline with increasing age, indicating a rapidly growing dementia burden in the relatively younger older population. This suggests a possible trend toward a younger onset of dementia attributable to HFPG within the Chinese context, indicating the need to focus more on the relatively younger older adults. Globally, the older population continues to bear a significant disease burden.

The ASMR and ASDR in China and globally were similar, but the net drift in China from 1990 to 2021 was much lower than that at the global level, which may be due to the effective management of hyperglycemia and dementia during this period in China. Notably, as the period risk demonstrates, compared with the global RR, China presented two inflection points. The first inflection point may be due to the decision to promote health reform and development promulgated in 1997 in China, which led to a modest reduction in the dementia disease burden attributable to HFPG. First, a rising risk was observed and after 2009, a declining risk was observed. The promotion of a new healthcare reform in 2009 in China has played a crucial role in this change (35). The reform enacted a series of policies to manage blood glucose levels and alleviate the burden of diabetes, particularly in the reform of basic public health services (36, 37).

First, for individuals at high risk of diabetes, free screening, diabetes-related health education, lifestyle counseling, and at least four blood glucose tests per year were provided (38). Second, diabetes management was strengthened by establishing health records, conducting annual examinations and return visits, and urging patients to review and take medicine on time. Studies have shown that the treatment coverage for diabetes patients increased from 30.8 to 36.6% after the medical reform (39). Third, the provision of diabetes drugs in grassroots health centers has been greatly improved, and most health centers can meet the daily drug needs of diabetes patients. Fourth, the quantity and capability of health technicians and primary healthcare institutions have been enhanced, thereby improving the efficiency of primary healthcare services (40). Fifth, China has continuously issued preferential policies on the price of diabetes drugs to reduce drug expenditure. The average blood glucose level was substantially controlled after implementation of the new healthcare policies.

Therefore, although the global HFPG-induced dementia risk consistently increased, China showed a declining trend after 2015. The increase in risk in China during 2009–2014 was probably due to the strengthened screening and diagnosis of diabetes and dementia, which is also evidenced by the incidence curve for China shown in the Supplementary Figure 1. This disparity indicates that diabetes management strategies in China have effectively alleviated the HFPG-related dementia burden, potentially providing a reference pattern for other countries in their efforts to reduce this burden. Low- and middle-income countries can learn from China’s experiences with healthcare reforms to gradually expand the coverage of medical security and enhance the level of protection. By adopting a government-led approach with multiparty participation, it is possible to establish a medical security system suitable for the national conditions of the country, thereby alleviating the economic burden on patients with diabetes and their families.

Our study found that females had higher levels of ASMR and ASDR than males, which is consistent with previous studies (34). This may be explained by several reasons. First, females have a longer life expectancy than males due to their inherent biological differences (41, 42). Second, females are more likely to develop Alzheimer’s disease and other dementias than males, possibly owing to differences in brain structure, function, and development (43). A previous study demonstrated that smoking was the leading risk factor for dementia in males, whereas metabolic risks were the primary contributors in females (44). This suggests that policies should prioritize glucose level screening and management in females to better control the subsequent dementia burden among females. However, we also found that the annual percentage increase for males was higher than that for females from 1990 to 2021, suggesting that males may experience a faster growth rate, which is also a cause of concern. This may be due to the increasing prevalence of smoking, alcohol consumption, and high-fat diets among males, which elevates the risk of HFPG and cardiovascular disease, thereby accelerating the onset of dementia in males (45, 46). Additionally, males may be less inclined to seek medical attention, potentially leading to delayed diagnosis and treatment of HFPG and other risk factors (47). However, with social development and advancements in healthcare, patients who were previously undiagnosed are now being identified, contributing to the increased disease burden observed in males.

As for the forecasted disease burden in 2040, the predicted decline in ASMR is much higher than that in DALY (17.7% vs. 7.9%) in China. Although the mortality rate of dementia attributable to HFPG has reduced, the loss of healthy life-years caused by disability is still large. Therefore, it is critical to focus on the impaired the quality of life caused by disabilities attributed to diabetes. The government should introduce crucial policies to strengthen the screening, management, and treatment of diabetic complications and improve the prognosis of patients with diabetes and dementia, thereby reducing the disability caused by diabetes and improving the quality of life of patients.

APC models are valuable for analyzing health trends but suffer from an identifiability problem due to the linear relationship (Age = period – cohort). Traditional APC models often require arbitrary constraints to estimate the parameters, potentially introducing bias. The Bayesian APC addresses this issue by applying smoothing priors, such as second-order random walk priors, which regularize parameter estimates while preserving trends (48). This method addresses the identifiability issue. Sensitivity analysis showed that the model remained stable even after adjusting the parameters used (24). Additionally, Bayesian offers the advantage of quantifying uncertainty, achieving a more robust interpretation, and making it a more flexible and reliable tool for epidemiological research.

The current study has some limitations. Although the GBD provides high-quality estimates of the global burden of disease, it is based on the population level. GBD data may not fully capture the heterogeneity of disease severity across different populations and over time, as it assumes a constant severity distribution (49). Additionally, in data-scarce regions (e.g., low-income countries), its statistical approximations for incidence/prevalence can introduce uncertainty. If we had access to information at the individual level, the results may be more instructive for public health planning efforts. Since the GBD data only provided DALY and mortality rates for risk factors without corresponding incidence and prevalence data, this study was unable to explore trends and distributions in the incidence and prevalence of dementia. This limitation necessitates large-scale surveys and investigations in the future to explore these aspects.

In summary, this study demonstrated that the dementia disease burden attributable to HFPG showed a declining trend in China in recent years, whereas the global trend consistently increased from 1990 to 2021 in adults aged >60 years. Similarly, the forecasted disease burden by 2040 demonstrated a declining trend in China, with a greater decline in the ASMR. The period effects presented two inflection points in China, probably due to healthcare reform. Additionally, mortality and DALYs rates increased with age, whereas the annual growth rate decreased with age in China. The ASMR and ASDR were higher in middle-to high-SDI countries and in females. These results suggest that targeted policies should be introduced to reduce the burden of diabetes and dementia in females and older adults with a greater focus on improving their quality of life. Additionally, keen attention should be paid to the rapid increase in the number of males and the relatively younger older adults. Furthermore, the gradually decreasing dementia burden in China following healthcare reforms indicates that China’s strategies for preventing and managing diabetes and dementia may offer valuable insights for other regions.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found at: https://vizhub.healthdata.org/gbd-results/.



Author contributions

PD: Writing – original draft, Writing – review & editing. JY: Writing – original draft, Writing – review & editing. YL: Writing – original draft, Writing – review & editing. XZ: Data curation, Project administration, Writing – review & editing. HW: Methodology, Resources, Writing – review & editing. WG: Data curation, Software, Writing – review & editing. JP: Data curation, Software, Writing – review & editing. YG: Methodology, Project administration, Validation, Writing – review & editing. JZ: Funding acquisition, Project administration, Resources, Writing – review & editing. NL: Funding acquisition, Project administration, Resources, Supervision, Writing – review & editing. ZL: Conceptualization, Data curation, Project administration, Resources, Validation, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research was supported by Grants from Zhejiang Medical and Health Technology Project (2023KY639), ‘Pioneer’ and ‘Leading Goose’ R&D Programs of Zhejiang Province (2023C03163), Zhejiang Key Laboratory of Intelligent Preventive Medicine (2020E10004), Noncommunicable Chronic Diseases-National Science and Technology Major Project (2023ZD0509805), and Zhejiang University School of Public Health Interdisciplinary Research Innovation Team Development Project.



Acknowledgments

We thank the 2021 Global Burden of Disease Study (GBD) for providing the data.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1584386/full#supplementary-material



Abbreviations


APC, Age-Period-Cohort; ASMR, Age-Standardized Mortality Rate; ASDR, Age-Standardized DALY Rate; CI, Confidence Interval; DALYs, Disability-Adjusted Life Years; GBD, Global Burden of Diseases Study; HFPG, High Fasting Plasma Glucose; PAF, Population Attributable Fraction; RR, Rate Ratio; SDI, Socio-Demographic Index; UI, Uncertainty Interval; YLDs, Years Lived With Disability; YLLs, Years of Life Lost.




References

 1. GBD 2016 Neurology Collaborators. Global, regional, and national burden of neurological disorders, 1990-2016: a systematic analysis for the global burden of disease study 2016. Lancet Neurol. (2019) 18:459–80. doi: 10.1016/S1474-4422(18)30499-X 

 2. GBD 2016 Dementia Collaborators. Global, regional, and national burden of Alzheimer's disease and other dementias, 1990-2016: a systematic analysis for the global burden of disease study 2016. Lancet Neurol. (2019) 18:88–106. doi: 10.1016/S1474-4422(18)30403-4 

 3. GBD 2019 Dementia Forecasting Collaborators. Estimation of the global prevalence of dementia in 2019 and forecasted prevalence in 2050: an analysis for the global burden of disease study 2019. Lancet Public Health. (2022) 7:e105–25. doi: 10.1016/S2468-2667(21)00249-8 

 4. Wu, YT, Ali, GC, Guerchet, M, Prina, AM, Chan, KY, Prince, M , et al. Prevalence of dementia in mainland China, Hong Kong and Taiwan: an updated systematic review and meta-analysis. Int J Epidemiol. (2018) 47:709–19. doi: 10.1093/ije/dyy007 

 5. Gauthier, S, Albert, M, Fox, N, Goedert, M, Kivipelto, M, Mestre-Ferrandiz, J , et al. Why has therapy development for dementia failed in the last two decades? Alzheimers Dement. (2016) 12:60–4. doi: 10.1016/j.jalz.2015.12.003 

 6. Livingston, G, Sommerlad, A, Orgeta, V, Costafreda, SG, Huntley, J, Ames, D , et al. Dementia prevention, intervention, and care. Lancet. (2017) 390:2673–734. doi: 10.1016/S0140-6736(17)31363-6 

 7. Cheng, CK, and Tsao, YC. Metabolic risk factors of Alzheimer's disease, dementia with Lewy bodies, and normal elderly: a population-based study. Behav. Neurol. (2018). 8312346. doi: 10.1155/2018/8312346

 8. Rasmussen Eid, H, Rosness, TA, Bosnes, O, Salvesen, Ø, Knutli, M, and Stordal, E. Smoking and obesity as risk factors in frontotemporal dementia and Alzheimer's disease: the HUNT study. Dementia Geriatric Cognitive Disorders Extra. (2019) 9:1–10. doi: 10.1159/000495607 

 9. Livingston, G, Huntley, J, Liu, KY, Costafreda, SG, Selbæk, G, Alladi, S , et al. Dementia prevention, intervention, and care: 2024 report of the lancet standing commission. Lancet. (2024) 404:572–628. doi: 10.1016/S0140-6736(24)01296-0 

 10. Liang, R, Feng, X, Shi, D, Yang, M, Yu, L, Liu, W , et al. The global burden of disease attributable to high fasting plasma glucose in 204 countries and territories, 1990-2019: An updated analysis for the global burden of disease study 2019. Diabetes Metab Res Rev. (2022) 38:e3572. doi: 10.1002/dmrr.3572 

 11. Moradi-Lakeh, M, Forouzanfar, MH, El Bcheraoui, C, Daoud, F, Afshin, A, Hanson, SW , et al. High fasting plasma glucose, diabetes, and its risk factors in the eastern Mediterranean region, 1990-2013: findings from the global burden of disease study 2013. Diabetes Care. (2017) 40:22–9. doi: 10.2337/dc16-1075 

 12. Crane, PK, Walker, R, Hubbard, RA, Li, G, Nathan, DM, Zheng, H , et al. Glucose levels and risk of dementia. N Engl J Med. (2013) 369:540–8. doi: 10.1056/NEJMoa1215740 

 13. Kerti, L, Witte, AV, Winkler, A, Grittner, U, Rujescu, D, and Flöel, A. Higher glucose levels associated with lower memory and reduced hippocampal microstructure. Neurology. (2013) 81:1746–52. doi: 10.1212/01.wnl.0000435561.00234.ee 

 14. Brownlee, M. Biochemistry and molecular cell biology of diabetic complications. Nature. (2001) 414:813–20. doi: 10.1038/414813a 

 15. Dewanjee, S, Chakraborty, P, Bhattacharya, H, Chacko, L, Singh, B, Chaudhary, A , et al. Altered glucose metabolism in Alzheimer's disease: role of mitochondrial dysfunction and oxidative stress. Free Radic Biol Med. (2022) 193:134–57. doi: 10.1016/j.freeradbiomed.2022.09.032 

 16. Flaxman, AD, Vos, T, and Murray, CJL. An integrative metaregression framework for descriptive epidemiology. Seattle: University of Washington Press (2015).

 17. Feigin, VL, Stark, BA, Johnson, CO, Roth, GA, Bisignano, C, Abady, GG , et al. Global, regional, and national burden of stroke and its risk factors, 1990–2019: a systematic analysis for the global burden of disease study 2019. Lancet Neurology. (2021) 20:795–820. doi: 10.1016/S1474-4422(21)00252-0 

 18. GBD 2017 Risk Factor Collaborators. Global, regional, and national comparative risk assessment of 84 behavioural, environmental and occupational, and metabolic risks or clusters of risks for 195 countries and territories, 1990-2017: a systematic analysis for the global burden of disease study 2017. Lancet. (2018) 392:1923–94. doi: 10.1016/S0140-6736(18)32225-6 

 19. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: a systematic analysis for the global burden of disease study 2019. Lancet. (2020) 396:1204–22. doi: 10.1016/S0140-6736(20)30925-9 

 20. GBD 2019 Demographics Collaborators. Global age-sex-specific fertility, mortality, healthy life expectancy (HALE), and population estimates in 204 countries and territories, 1950-2019: a comprehensive demographic analysis for the global burden of disease study 2019. Lancet. (2020) 396:1160–203. doi: 10.1016/S0140-6736(20)30977-6 

 21. AP Association. Diagnostic and statistical manual of mental disorders: DSM-5™. 5th ed. Arlington, VA, US: American Psychiatric Publishing, Inc. (2013).

 22. WHO. The ICD-10 classification of mental and behavioural disorders: Clinical descriptions and diagnostic guidelines. Geneva: World Health Organization (1992).

 23. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a systematic analysis for the global burden of disease study 2019. Lancet. (2020) 396:1223–49. doi: 10.1016/S0140-6736(20)30752-2 

 24. Riebler, A, and Held, L. Projecting the future burden of cancer: Bayesian age-period-cohort analysis with integrated nested Laplace approximations. Biometrical journal Biometrische Zeitschrift. (2017) 59:531–49. doi: 10.1002/bimj.201500263 

 25. Wu, X, Du, J, Li, L, Cao, W, and Sun, S. Bayesian age-period-cohort prediction of mortality of type 2 diabetic kidney disease in China: a modeling study. Front Endocrinol. (2021) 12:767263. doi: 10.3389/fendo.2021.767263 

 26. Zou, Z, Cini, K, Dong, B, Ma, Y, Ma, J, Burgner, DP , et al. Time trends in cardiovascular disease mortality across the BRICS: An age-period-cohort analysis of key nations with emerging economies using the global burden of disease study 2017. Circulation. (2020) 141:790–9. doi: 10.1161/CIRCULATIONAHA.119.042864 

 27. Wang, Y, Wang, J, Chen, S, Li, B, Lu, X, and Li, J. Different changing patterns for stroke subtype mortality attributable to high sodium intake in China during 1990 to 2019. Stroke. (2023) 54:1078–87. doi: 10.1161/STROKEAHA.122.040848 

 28. Rosenberg, PS, Check, DP, and Anderson, WF. A web tool for age-period-cohort analysis of cancer incidence and mortality rates. Cancer Epidemiol Biomarkers Prevent. (2014) 23:2296–302. doi: 10.1158/1055-9965.EPI-14-0300 

 29. Cherbuin, N, Sachdev, P, and Anstey, KJ. Higher normal fasting plasma glucose is associated with hippocampal atrophy: the PATH study. Neurology. (2012) 79:1019–26. doi: 10.1212/WNL.0b013e31826846de 

 30. Lin, CY, Zhai, YJ, An, HH, Wu, F, Qiu, HN, Li, JB , et al. Global trends in prevalence, disability adjusted life years, and risk factors for early onset dementia from 1990 to 2021. Sci Rep. (2025) 15:13488. doi: 10.1038/s41598-025-97404-6 

 31. Li, W, Yue, L, Sun, L, and Xiao, S. Elevated fasting plasma glucose is associated with an increased risk of MCI: a community-based cross-sectional study. Front Endocrinol. (2021) 12:739257. doi: 10.3389/fendo.2021.739257 

 32. Feigin, VL, Vos, T, Alahdab, F, Amit, AML, Bärnighausen, TW, Beghi, E , et al. Burden of neurological disorders across the US from 1990-2017: a global burden of disease study. JAMA Neurol. (2021) 78:165–76. doi: 10.1001/jamaneurol.2020.4152 

 33. Chew, NWS, Ng, CH, Tan, DJH, Kong, G, Lin, C, Chin, YH , et al. The global burden of metabolic disease: data from 2000 to 2019. Cell Metab. (2023) 35:414–428.e3. doi: 10.1016/j.cmet.2023.02.003 

 34. Chan, KY, Wang, W, Wu, JJ, Liu, L, Theodoratou, E, Car, J , et al. Epidemiology of Alzheimer's disease and other forms of dementia in China, 1990-2010: a systematic review and analysis. Lancet. (2013) 381:2016–23. doi: 10.1016/S0140-6736(13)60221-4 

 35. Liu, GG, Vortherms, SA, and Hong, X. China's health reform update. Annu Rev Public Health. (2017) 38:431–48. doi: 10.1146/annurev-publhealth-031816-044247 

 36. Tao, W, Zeng, Z, Dang, H, Lu, B, Chuong, L, Yue, D , et al. Towards universal health coverage: lessons from 10 years of healthcare reform in China. BMJ Glob Health. (2020) 5:e002086. doi: 10.1136/bmjgh-2019-002086 

 37. Yuan, S, Meng, Q, and Sun, X. Studying on the management on three kinds of main chronic diseases in rural grass-roots health institutions under the background of new health care system reform. Chinese Health Service Manag. (2012) 29:637–9.

 38. Ying, M, Wang, S, Bai, C, and Li, Y. Rural-urban differences in health outcomes, healthcare use, and expenditures among older adults under universal health insurance in China. PLoS One. (2020) 15:e0240194. doi: 10.1371/journal.pone.024019

 39. Song, K, Zhang, D, Shi, L, Francis, MR, Han, Z, Pan, X , et al. Trends and disparities in diabetes care following China's healthcare reform: evidence from the 2011-12 and 2015-16 China health and retirement longitudinal study. Prev Med. (2022) 156:106982. doi: 10.1016/j.ypmed.2022.106982 

 40. Yan, C, Liao, H, Ma, Y, and Wang, J. The impact of health care reform since 2009 on the efficiency of primary health services: a provincial panel data study in China. Front Public Health. (2021) 9:735654. doi: 10.3389/fpubh.2021.735654 

 41. Ballard, C, Gauthier, S, Corbett, A, Brayne, C, Aarsland, D, and Jones, E. Alzheimer's disease. Lancet. (2011) 377:1019–31. doi: 10.1016/S0140-6736(10)61349-9 

 42. Gardner, M, Bann, D, Wiley, L, Cooper, R, Hardy, R, Nitsch, D , et al. Gender and telomere length: systematic review and meta-analysis. Exp Gerontol. (2014) 51:15–27. doi: 10.1016/j.exger.2013.12.004 

 43. Oveisgharan, S, Arvanitakis, Z, Yu, L, Farfel, J, Schneider, JA, and Bennett, DA. Sex differences in Alzheimer's disease and common neuropathologies of aging. Acta Neuropathol. (2018) 136:887–900. doi: 10.1007/s00401-018-1920-1 

 44. Li, R, Qi, J, Yang, Y, Wu, Y, Yin, P, Zhou, M , et al. Disease burden and attributable risk factors of Alzheimer's disease and dementia in China from 1990 to 2019. J Prev Alzheimers Dis. (2022) 9:306–14. doi: 10.14283/jpad.2021.69 

 45. Ramezankhani, A, Azizi, F, Momenan, AA, and Hadaegh, F. Sex differences in cumulative exposure to metabolic risk factors before hypertension onset: the cohort of the Tehran lipid and glucose study. J Am Heart Assoc. (2021) 10:e021922. doi: 10.1161/JAHA.121.021922 

 46. Li, Y, and Li, Y. Long-term intake of red meat in relation to dementia risk and cognitive function in US adults. Neurology. (2025) 104:e210286. doi: 10.1212/WNL.0000000000210286 

 47. Feraldi, A, and Zarulli, V. Sex-disaggregated data along the gendered health pathways: a review and analysis of global data on hypertension, diabetes, HIV, and AIDS. PLoS Med. (2025) 22:e1004592. doi: 10.1371/journal.pmed.1004592 

 48. Bell, A. Age, period and cohort effects: Statistical analysis and the identification problem. London: Routledge (2020). doi: 10.4324/9780429056819

 49. Maher, C, and Ferreira, G. Time to reconsider what global burden of disease studies really tell us about low back pain. Ann Rheum Dis. (2022) 81:306–8. doi: 10.1136/annrheumdis-2021-221173 


Copyright
 © 2025 Dai, Yu, Lin, Zhou, Wang, Gong, Pan, Guan, Zhong, Li and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-13-1584386-t001.jpg
Measure Location Number Age-standardized rate

2021 2021
Deaths China 1305162 58838.24 3.38(0.13,1063) 3.64(0.14,11.53)
Deaths Global 7147052 290032.19 2.64(0.11,838) 373(0.15, 11.84)
DALYs China 286765.30 1204039.42 57.10(3.15, 157.09) 6672 (391, 177.01)
DALYs Global 144153986 5348853.67 47.07 (2.72,126.46) 6642 (3.83, 178.85)
YLDs China 8424420 41188082 15.40 (1.35,34.02) 2199 (1.97, 48.14)
YLDs Global 462554.86 168733550 1451 (1.25,3207) 20.71(1.78,45.43)
YLLs China 202521.10 792158.60 41.69 (1.63, 135.17) 44.74 (1.7, 139.34)
YLLs Global 978985.00 3661518.17 3256 (131, 101.98) 45.71 (1.85, 143.50)

DALYs, disability-adjusted life years; YLDs, years lived with disability; YLLS, years of ife lost





OPS/images/fpubh-13-1584386-t002.jpg
Meas
Deaths
Deaths
DALYs
DALYs

YLDs
YLDs
YLLs
YLLs

DALYs, disability-adjusted life years; YLDs, years lived with disabil

Locatio
China
Global
China
Global
China
Global
China
Global

Percentage change, 1990-2021

LL, years of life lost

351 (277, 4.58)
3.06 (2,80, 3.46)
3.20(2.61,3.96)
271(253,2.93)
389 (3.58,4.29)
265(251,2.77)
291(225,3.88)

274(251,3.07)

Net drift (% per year)
0.36 (029, 0.44)
117 (1.14,1.20)
0.52 (048, 0.56)
116 (114, 1.18)
0.91 (086, 0.96)
116 (114, 1.18)
0.34(031,038)

116 (1.14,1.18)





OPS/images/fpubh-13-1584386-g003.jpg
A Age cffects

China

Ly

China Global

i

Global

— Both
— Male
— Female

000
o

(Goneindod 000001 Jod) res sxIVA

(wonendod 000 001 o) eres Ayeuom

& o

R

@

iy

&
T s

&

L g
&

&t

ey
Age.

&
&

PO IIORY

&

x4

SO S
&0

&
&0 °

X

R
el
Age

+

B Period cffects

China

Global

China.

Global

— Bon
— ale
— Female.

ones ojes sAIVQ

ones o1es Aeuon

09

09

Periods (year)

Periods (year)

C Cohort effects

China

Global

China

Global

]
[

— Fomale

ones oiei sK1¥Q

" ones o Hevony

qb‘

NSRS
e
A

o

S
)
XX

Je%)

©
s
',
8

Birth cohort





OPS/images/fpubh-13-1584386-g004.jpg
Age-standardized mortality rate (per 100,

[s}

8

1590 2000 210 200 2050 2000
Ye

m

H

g

H

ity rate (per 100,000 population) in China
2 g

]

n.mm..mmm.mw
g ¥ § &8 &

H

g

g
H
i3
s
H
5
H

210

Both

Year

220

)

2030

2610

240

— Obsorved
== Predicted

— Giobal
— China

— 606
— 65060
— 7007
— 1507
— s0w8s
— 851089
T
— 95 pius

— Observed
= Prodctod

— 606t
— 651060
—700m
— 7507
— a8
— 851080
- wou
— 95pius

— Observod
Predited





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Temporal trends in dementias in older adults attributable to high fasting plasma glucose from 1990 to 2021 and forecasted disease burden in 2040 in China and globally



		1 Introduction



		2 Materials and methods



		2.1 Study data



		2.2 Definitions



		2.3 Measurements



		2.4 Statistical analysis









		3 Results



		3.1 Overall trends in dementia disease burden attributable to HFPG in China and globally



		3.2 Temporal trends in dementia disease burden attributable to HFPG across different age groups



		3.3 Age, period, and birth cohort effects on dementia disease burden attributable to HFPG



		3.4 Forecasted mortality and DALYs rates in 2040









		4 Discussion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Abbreviations



		References



















OPS/images/fpubh-13-1584386-g001.jpg





OPS/images/fpubh-13-1584386-g002.jpg
Annual change of mortaly rate (% per year)

Proportion of deaths

>

Global

[

China

Annual change of DALY rate (% per year)

w

Global China

— Bot
— Mo
— Fomale

o-

S OSSP
6% B
Age

&

S

000:

LESE S

Jo

Proporton of DALY

SELES S

Year

D

Global

100

70074

75079
0108
851089
%0100
95plus

FEESES
.





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Temporal trends in dementias in
older adults attributable to high
fasting plasma glucose from 1990
to 2021 and forecasted disease
burden in 2040 in China and
globally












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






