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Progression of chronic kidney disease (CKD) is a substantial threat because it is associated with reduced healthy life expectancy and quality of life, and increase in economic burden. Research indicates people with nondialysis CKD often have lower physical functioning and that improvement of physical activity may contribute to maintaining renal health. Another issue with the current treatment of CKD is that the synergistic effects of rural depopulation due to aging and uncontrolled rural city sprawling will increase the number of under-served healthcare areas. To ensure the quality of renal health care, hospital integration is desirable, under the condition of reconstruction of the public transport system for physically and socially vulnerable people. Recently, medical and non-medical scientists advocate the challenge of city planning for population health. The links between city design and health such as cardiovascular disease, obesity, type 2 diabetes and mental disorders, have been widely studied, except for renal health. Based on our experience in a Kidney and Lifestyle-related Disease Center, we propose the idea that city planning be prioritized to improve renal health through two main streams: 1) Improve physical status by use of public and active transportation including daily walking and cycling; and 2) Equal accessibility to renal health services. Many countries, including Japan, have enacted plans and public policy initiatives that encourage increased levels of physical activity. We should focus on the impact of such movement on renal as well as general health.
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Introduction

The number of individuals with chronic kidney disease (CKD) has steadily increased worldwide (1–3). Japan is no exception, as the prevalence of CKD has also increased with the aging of the population (3). Progression of CKD is a substantial threat, because it is associated with reduced healthy life expectancy and quality of life, and increase in economic burden (4, 5). In addition, people with nondialysis CKD often have lower physical functioning compared to that of the general population (6). Lack of physical capabilities may lead to physical inactivity, which is also a growing threat to public health (7). Physical inactivity significantly increases the risk of mortality and a number of non-communicable diseases including obesity and diabetes (8). Therefore, physical inactivity is considered one of the major preventable risk factors for mortality in Japanese adults (9). Recently, in an international collaborative study of CKD patients without dialysis therapy, there was significantly higher mortality (hazard ratio [HR] = 1.62) and a trend toward more rapid CKD progression (HR = 1.17) among those not physically active compared to those who were highly active (10). These results imply improvement of physical activity could contribute to maintaining renal health. Daily activity level is usually correlated positively with the number of steps taken and negatively correlated to sitting time. As Japan’s sprawling cities expand from their centers, the donut phenomenon increases and privately owned motorized vehicles have become the main mode of transport over public options. As public transport use has declined, the opportunities for walking on a daily basis have also declined, leading to lower step counts.

Concurrently, the synergistic effects of rural depopulation due to aging and uncontrolled rural city sprawling will increase the number of under-served healthcare areas. In these areas, it is difficult to receive specialized treatment on a regular basis, much less access it by public transportation and active transport. Regarding renal healthcare, since the number of nephrologists is limited, integrating hospitals is necessary. This will ensure the likelihood of both the management of CKD patients, and the cooperation between core hospitals and general physicians, having a favorable impact on renal function (11–13). However, there is a real danger of promoting a disparity in the quality and quantity in medical care if hospitals are integrated without cooperation between hospitals and general physicians, and without reconstruction of the public transport system for physically and socially vulnerable people. In order to minimize these risks and to improve renal health outcomes, we here propose the idea to reform the city planning policy upstream of the healthcare field (Figure 1).




Figure 1 | Need of city planning to improve renal health through promotion of active transportation and hospital integration. We propose the idea that city planning is prioritized to improve renal health and subsequently reduce medical expenditure. The two main streams are: 1) Improve physical status by use of public and active transportation including walking and cycling; and 2) Accessibility to renal health service.





The Need of City Planning to Improve Renal Health: Transportation and Integration of Healthcare

Before the mid-20th century, public transportation was the dominant mode of transport. Naturally, the economic and cultural center of the city surrounded this system. However, since then, widespread use of private vehicles arose. In the 21st century, private vehicle use in regional areas has seen train stations and the surrounding buildings shuttered, forcing the necessary infrastructure and stores to be concentrated along main traffic roads. Whilst large, completed, densely populated cities often experience little impact, rapid urbanization in regional areas has unfortunately resulted in many buildings, which were once bustling in the past around regional city stations being abandoned.

Meanwhile, private vehicles have become daily necessities in such regional cities which further advance changes in the city structure. Japan’s local cities are seeing fewer people use stores and facilities around stations. The lower usage caused the public transport system to decrease their frequency of transits, which in turn, made the system more inconvenient and even less used. The two main downstream effects brought on by this type of change in regional city structure are reduction in human physical activity and poor access to adequate medical care (Figure 1).

Recently, medical and non-medical scientists have advocated a challenge to city planning for improvement on their population’s health. The main idea considered to achieve this goal was to focus on directly affecting the need for private motorized vehicles. By determining the location of housing in relation to employment, education, and the services required for daily life, including healthcare, we could discourage the use of private vehicles and implement designs to promote walking, bicycling and use of public transportation (14). In this context, compact cities—cities of short distances enabled by higher densities—can offer advantages and slight disadvantages in relation to health and well-being. They provide greater access to destinations, enable the use of efficient public transport systems, and provide walkable access to a wider range of facilities. Moreover, the links between compact city features and health such as cardiovascular disease, obesity, type 2 diabetes and mental disorders have been widely studied, except for renal health (15).

In our Kidney and Lifestyle-related Disease Center, we aim to develop a regional medical system to overcome lifestyle-related disease through multidisciplinary care by dieticians, physical therapists, nurses and doctors (16). To demonstrate this, we provided mildly obese patients with hyperlipidemia, diabetes or hypertension a short-term guidance program. The program consisted of outpatient visits at one and two months after the initial visit without medication. We observed changes in the number of average daily step count, through a pedometer (Medi-walk, Terumo Co., Tokyo, Japan), and physical status, among 19 volunteers with mild obesity who visited our department. Median values of step counts and body mass index were compared by the Mann-Whitney test and the correlation between step counts and body mass index was examined by the Spearman test. Step-counts increased from 7,747 to 9,384 (P=0.11) and their median body mass index decreased from 26.4 to 25.6 kg/m2 (P<0.001). (Figures 2A, B). These changes in step counts and body mass index were significantly correlated (r2 = 0.259, P<0.01) (Figure 2C), suggesting that educational programs without any medication may have a positive effect in the improvement of obesity through increased physical activity. We further observed the mean daily steps on weekends (Saturday and Sunday) were more than those on weekdays (Monday to Friday), based on a total of 52 weeks of step count data for the participants (Figures 2D, E). These results suggest recreational walking is a dominant contributor for increasing step counts, though they were from an uncontrolled and sparsely manipulated observation, so the level of evidence is still weak. Regarding evidence in step count and health issue has been definitive because a series of prospective cohort studies have shown that an increase in the number of daily walks reduces the incidence of obesity, diabetes (17–19), and cardiovascular disease (20–22). Well-designed cities are also known to increase walk counts (14, 23). On the other hand, several pieces of evidence demonstrate that neighborhood desirability such as levels of traffic and safety from crime and access to public open space is inconsistently associated with recreational walking (24). Similarly, the evidence that recreational exercise effects health also is inconsistently described. For physical activity to lead to better health, we consider it would be important to ensure that people get enough exercise during the week through commuting to work, school, and other daily activities that make up the majority of weekdays. Currently, commuting in rural areas is mainly dependent on private motorized vehicles. Our next challenge is to build upon the increase in step counts gained through education and raise it further by incorporating active transport and public transport into daily commutation. Although physical activity is considered essential for the prevention and treatment of most chronic diseases, exercise is rarely prescribed for CKD (25). Progression of CKD leads to decreased number of steps walked (26) and decreased physical activity leads to increased incidence of CKD, albuminuria (27). Therefore, we also aim to obtain scientific evidence that daily physical activities for health have a positive impact on CKD by city planning.




Figure 2 | Changes in step counts and body mass index by multidisciplinary education without medication for obese population. In the Kidney and Lifestyle-related Disease Center in Hitachi, Japan, we developed a multidisciplinary care scheme to overcome lifestyle-related disease, comprised of dieticians, physical therapists, nurses and doctors. The participants were mildly obese with hyperlipidemia, diabetes or hypertension. We introduced a short-term guidance program for improving lifestyle without medication. We observed changes in the number of average daily step count through a pedometer, and physical status, among 19 volunteers with mild obesity. Step counts increased and body mass index was significantly reduced, and they were correlated (A–C). We found recreational walking is the dominant contributor for increasing step counts (D, E). Median and standard error are presented as bars and error. Median values were compared by the Mann-Whitney test and the correlation was examined by the Spearman test.



Another issue in rural city planning is the medical system. There is a link between the detrimental progression of CKD and access to specialized medical care (28). In such rural areas, due to rural depopulation and lack of specialized healthcare providers, medical supply concentrations are so low that the government has recognized these areas as major projects to designate hospitals for integration (29). In our experience in a rural district, a population of one hundred thousand and had already undergone hospital integration, screening for detecting advanced CKD patients with high-risk was beneficial in the delegation of appropriate referrals from generalists to nephrologists and/or cardiologists (11). In this investigation, we developed an algorithm to detect CKD in an electronic medical record, among retrospectively obtained data from April 2018 to December 2019. From 12,335 men and 9,756 women, we were able to collect data of 61,588 creatinine measurements and 40,973 dipstick proteinuria tests over the integration. The sequential data from individual patients sometimes contained transient elevations of serum creatinine. To exclude patients with acute kidney injury (AKI) in this study, the latest data were also assessed to determine whether renal injury had recovered from eGFR less than 30 mL/min/1.73 m2 to more than 30 mL/min/1.73 m2. If a subject did not have AKI, he or she was regarded as possibly having CKD (11). Based on the procedure, we found that 108 had AKI, 133 were on chronic dialysis, 133 died before the end of the investigation, and 76 were transferred to other facilities or were started on conservative terminal care without the option of having chronic dialysis. This screening finally identified29 (0.13%) patients with nondialysis CKD G5 and 62 (0.28%) patients with CKD G4 and with massive proteinuria, who have high possibility of future introduction of renal replacement therapy (11). With a number of renal failure patients of this size, the induction of renal replacement therapy or conservative kidney management may be possible with a single nephrologist under conditions of adequate coordination of medical care. In other words, this requires a general practitioner’s practice contribution in the early stage of CKD and the nephrologist can focus on advanced CKD patients. In addition, we foresee distance and convenience as barriers for management of advanced CKD patients in integrated hospitals for the visit for each patient. As long as the current access to core hospitals in rural cities is mainly by private vehicle, many may continue to experience the frustrations of traffic congestion and lack of parking. Therefore, the availability of public transportation and the location of hospital integration should be fully considered.

Recently, special consideration must be given to the use of public transportation since there is the issue of epidemic infectious diseases, including COVID-19. Public transport accessibility—one strength of a compact city—has negative links to some health and well-being outcomes during the COVID-19 pandemic, possibly due to increased risk of infection and related stress (30). To mitigate this issue, public transport departures need to be frequent enough to guarantee safe social distancing during pandemic crises. In addition, alternative transport options need to be available in compact, transit-oriented neighborhoods. If public transportation infrastructure is difficult to put in place for some reason, one might consider using a combination of telehealth techniques, because telehealth has become a valuable tool to leverage specialized medical care by nephrologist with equally high satisfaction compared to face-to face manner during COVID-19 pandemic (31).



Discussion

>Evaluating the monetary index has the potential to use market mechanisms to put pressure on companies and societies to change the policy of industry and city planning (32). Therefore, we describe the possible effects on the economy by city planning at the end (Figure 1). Even though social demonstration experiments on physical activity to attain better health are being conducted, they are only in limited areas and on a limited scale (33). While there have been many examinations of the economic benefits of integrating hospitals, few reports show the effect on prognosis for specific diseases. From this perspective, we have focused on the possible links between city planning and intermediate factors of developing CKD to improve renal health in Japan. Interventional investigations on physical activity and medical expenditure suggest that undergoing sufficient levels of physical activity is associated with decreased healthcare costs (33, 34). In the Japanese middle-aged population, a one-step-increase in the annual average daily step count reduced outpatient healthcare costs by 16.26 JPY in the short run and assumed long-run effects of daily steps were estimated at 28.24 JPY (33). Regarding preserving renal function and CKD deterioration, decline speed in eGFR is considered as a surrogate marker for ESKD. In the male general population, the annual costs for low eGFR subjects with a rapid decrease in eGFR (741 thousand JPY) were more than twice those of non-low eGFR subjects with a rapid decrease in eGFR (349 thousand JPY) and also larger compared to low eGFR subjects with a stable eGFR (336 thousand JPY) (35). We hope to maintain renal health by educating a wide range of people on the potential increase in financial burden that physical inactivity and regional disparities of renal healthcare that arises from inappropriate city planning.

Many countries are concerned by the costs associated with the mounting burden of lifestyle-related chronic disease (36). They have put in place plans and public policy initiatives that encourage increased levels of physical activity. In June 2020 in Japan, the Law Concerning Special Measures for Urban Revitalization was amended to establish a location optimization planning system to promote the formation of compact cities (37). Under this system, local governments can establish two types of guidance zones, residential and urban. Residential guidance zones concentrate residential property and urban function guidance zones concentrate stores and welfare facilities, thereby creating efficient cities. We should focus on the impact of these community initiatives on CKD, the well-being and convenience of the residents, and the economic benefits.
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