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Background: This study aims to investigate GFR decline in elderly subjects with varying physical conditions and analyze key risk
factors impacting renal function changes.

Methods: We obtained data from patients between 2017 and 2019, and matched healthy elderly subjects based on gender and age.
Data collected for all subjects included annual measurements of fast blood glucose (GLU), glycated hemoglobin (HbA1c), low-density
lipoprotein cholesterol (LDL-c), blood albumin (ALB), blood uric acid (UA), urine protein (UP), and systolic blood pressure (SBP).
Additionally, information on coexisting diseases was gathered. The Full Age Spectrum (FAS) equation was used to calculate eGFR.
Results: A total of 162 patients with complete 3-year renal dynamic imaging were included, including 84 patients in the kidney
disease group (K group) and 78 patients in the non-kidney disease group (NK group). Ninety individuals were selected as the healthy
group (H group). The annual decline rate in the K group was the fastest, which exceeded 5mL/min/1.73m?* (P < 0.05). Group (K group:
f=—40.31, P<0.001; NK group: p=-26.96, P<0.001), ALB (p=-0.38, P=0.038) and HbAlc (B=1.36, P=0.029) had a significant
negative impact on the eGFR changes. For participants who had negative proteinuria: K group had the most significant annual eGFR
decline.

Conclusion: The presence of kidney disease, along with proteinuria nor not, can lead to a marked acceleration in kidney function
decline in elderly. We categorize elderly individuals with an annual eGFR decline of more than 5 mL/min/1.73m? as the “kidney
accelerated aging” population.
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Introduction
We have been monitoring age-related changes in glomerular filtration rate (GFR) in different populations. The aging
kidney undergoes complex changes, making it prone to pathological changes such as podocyte hypertrophy, glomerulo-
sclerosis, tubular atrophy, and progressive microvascular rarefaction. The accumulation of senescent cells can explain
inadequate repair and loss of function.' Theoretically, it is estimated that about 6000 to 6500 nephrons are lost every year
after the age of 30; GFR decreases by approximately 5—10% per decade after the age of 35.%° Studies have shown that
kidneys from healthy donors aged 70 to 75 years are 48% less intact than those from donors aged 18 to 29 years.* In
many cross-sectional studies, it has been observed that GFR steadily declines (approximately 0.75-1.0 mL/min/1.73m?%/
year on average) in healthy adults as they age.>®

However, our observations and research have proposed some different views. We analyzed the results of continuous
3-year follow-up of kidney function in 46,708 apparently healthy individuals and found that the estimated GFR (eGFR)
of most subjects remained unchanged during the three years. This phenomenon was more common in older people,
suggesting that the eGFR of apparently healthy older people is less likely to change over time.” This is consistent with
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the results of some well-known longitudinal studies abroad.®® This finding may be attributed to the imprecise calculation
of eGFR over time and the transient ultrafiltration results that may be related to comorbidities associated with aging.

There are some drawbacks to using the equation-calculated eGFR as a means of assessing kidney function, as the
equation includes two main variables: blood creatinine and age. For older adults, even if their kidney function is not
impaired, aging alone can lead to a decrease in eGFR. The current diagnostic criteria for chronic kidney disease (CKD)"’
seems to result in overdiagnosis of CKD in older adults. Although eGFR is not accurate, the central argument for using
eGFR is that it is an independent predictor of adverse events such as death and end-stage kidney disease. Therefore, we
are more concerned with whether GFR will decline rapidly.

From a clinical perspective, for elderly patients with kidney disease, the annual decline in GFR increases significantly.
Elderly patients with systemic diseases such as diabetes, hypertension, and hyperuricemia, even in the absence of clear
evidence of renal impairment, also seem to experience a rapid decline in GFR.

The evaluation of GFR for the elderly has also been in the Discussion stage. The accuracy of the current eGFR
evaluation equation is controversial, and the most ideal evaluation method is to measure GFR (mGFR). Gates'' proposed
a relatively simple method for mGFR in 1982. Because the existing computer system can calculate GFR at the same time
when the patient is undergoing dynamic renal imaging. This method can avoid blood and urine collection and is not
affected by the patient’s diet. It has become the most used GFR evaluation method.

Therefore, the purpose of this study is to explore the annual decline in GFR in elderly subjects with different physical
conditions and to analyze the main risk factors that affect changes in renal function; to eliminate the influence of age, the
GFR measured by renal dynamic imaging is used to analyze the annual changes in kidney function in older adults. We
also hope to identify certain traits that cause rapid decline in GFR among older adults with similar clinical presentations.

Methods
Study Design and Participants

This was a retrospective cohort study. We collected data from patients aged > 60 years old with continuous renal dynamic
imaging from June 2017 to May 2019, who were admitted to our hospital with various causes. The creatinine level of the
patients enrolled in this study were within the normal range (<88.4 pumol/L). We excluded patients with rapidly
progressive glomerulonephritis, acute kidney injury, acute heart failure, kidney transplant status, solitary kidney, etc.
At the same time, we extracted matched subjects for gender and age from the existing database of apparently healthy
individuals’ (examination database, between January 2012 and December 2014). The apparently healthy population was
defined as those without obvious symptoms or signs of illness at the time of inclusion in the study. The inclusion criteria
were based on the collection of medical history during the subject’s physical examination.

The collected informations included annual data on serum creatinine, fast blood glucose (GLU), glycated hemoglobin
(HbAlc), low-density lipoprotein cholesterol (LDL-c), blood albumin (ALB), blood uric acid (UA), urine protein (UP),
and systolic blood pressure (SBP). We also collected information on coexisting diseases in the patients, including chronic
kidney disease. The detection of urine protein was performed using the dry chemical method (pH indicator protein error
method), with a negative definition of <0.15 g/L.

We used full age spectrum (FAS) equation to calculate eGFR in this study according to our previous result in comparison
of GFR estimation equations for elderly individuals.” The FAS equation'? showed higher accuracy in assessing elderly
individuals. Measurement of mGFR was performed in the morning for all study participants by dynamic renal imaging using
the Gates method. Using the method described by Gates,'' the mGFR (mL/min) was calculated by multiplying the
percentage total renal uptake of Tc-99m-DTPA (148 MBq; Beijing Atomic High-Tech Co., Ltd., Beijing, China; radio-
chemical purity >95%) by the regression coefficient (9.81270) and subtracting the cutoff value (6.82519).

Grouping

Patients were divided into two groups based on whether they had a confirmed diagnosis of kidney disease: the kidney
disease group (K group) and the non-kidney disease group (NK group). Apparent healthy subjects who were matched
were defined as the healthy group (H group).
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Statistical Methods

The data that conformed to a normal distribution were presented as means and standard deviations (SD), and continuous
variables with a non-normal distribution were presented as medians (quartiles). Analysis of variance (ANOVA) is used
for multiple group comparisons. The linear mixed model is used for risk factor analysis. We evaluated the change in GFR
from the first year to the second year using baseline clinical data from the first year. Similarly, we evaluated the change in
GFR from the second year to the third year using clinical data from the second year and conducted risk factor analysis
using a hierarchical linear model. To reduce the effect of possible selective bias, the control group selected from the
apparent healthy population database was matched with the other two groups using a 1:1 propensity score matching
(PSM) with a caliper value of 0.02, respectively. The matching factors included gender, age, and serum creatinine.
A two-tailed P<0.05 was considered statistically significant. Statistical analysis was performed using SPSS 23.0 (IBM
Corp., Armonk, NY, USA) and Stata (StataCorp., Texas, USA).

Results

Basic Information
A total of 162 patients with complete 3-year renal dynamic imaging were included, including 84 patients in the K group
and 78 patients in the NK group. Based on PSM, 90 individuals were selected as the H group. The demographic
information of the three groups of subjects is shown in Table 1. The kidney disease group includes 32 patients with
primary kidney disease (9 with IgA nephropathy, 12 with membranous nephropathy, 3 with minimal change disease, 10
with ischemic nephropathy, and 8 with other pathological types) and 40 patients with secondary kidney disease (21 with
diabetic nephropathy, 13 with hypertensive renal damage, 2 with multiple myeloma kidney disease, 1 with gouty
nephropathy, 2 with lupus nephritis, and 1 with drug-induced renal damage), as well as 12 patients with kidney tumors.
As shown in Table 1, the K group had a significant increase in GLU, but the NK group had the highest glycated
hemoglobin. The K group had the lowest blood albumin and the highest urine protein. LDL-c was highest in the H group.
There was no significant difference in systolic blood pressure among the three groups.

Changes in GFR

The eGFR situation of each group after 3 years and the mGFR situation of K group and NK group are shown in Table 2.
Differences of baseline GFR of three groups were statistically not significant. The annual decline rate in the K group was
the fastest, which exceeded 5mL/min/1.73m? (the annual mGFR and eGFR changes were statistically significant, P < 0.05);
the GFR changes in NK group and H group were not significant within 3 years (Figure 1).

Table | Demographic Characteristics and Baseline Examination Outcomes of Participants
Upon Enroliment

Kidney Diseases | No Kidney Diseases | Health F P

N (%) 84 (33.33) 78 (30.95) 90 (35.71)

Male (%) 50 (59.52) 38 (48.72) 45 (50)

Age (years) 71.24x7.12 72.96x8.31 72.54+5.32

GLU (mmol/L) | 8.57+3.93 6.65+2.06 4.48+1.02 53.223 | <0.001
HbAlc (%) 5.87+1.36 7.33x1.51 5.23+0.74 62.712 | <0.001
LDL-c (umol/L) | 2.831.14 2.86+1.08 3.05%1.12 1.03 0.358
UA (umol/L) 400.49+168.58 457.81£182.61 379.394£96.28 | 5.65 0.004
ALB (g/L) 27.568.8 32.56+3.88 35.54+3.3 40.824 | <0.001
UP (g/L) 2.56x1.79 0.05+0.22 0 166.28 | <0.001
SBP (mmHg) 135.61£25.61 131.88+29.67 128.18+£28.77 | 1.525 0.220

Abbreviations: ALB, albumin; GLU, glucose; HbAlc, glycosylated hemoglobin; LDL-c, low density lipoprotein

cholesterol; UA, uric acid; UP, urine protein; SBP, systolic pressure.
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Table 2 Three-Year Trends in GFR Levels and Changes Among Three Groups

Kidney Diseases | No Kidney Diseases | Health F P

mGFR (mL/min)

I'st year 64.89+10.3 64.51+32.24 6.741 0.110

2nd year 59.06+10.25 61.59+32.27 11.417 | 0.001

3rd year 50.9511.17 56.49+32.02 17.502 | 0.000
eGFR (mL/min/1.73m?)

I'st year 74.89+10.14 74.88+32.43 75.76x11.18 | 53.577 | 0.067

2nd year 65.67+10.32 67.83+34.8 70.47x14.52 | 56.087 | 0.000

3rd year 55.97+10.89 64.11+34.35 70.54%15.15 | 90.058 | 0.000
AmGFR (mL/min)

Within 2 years —5.83+4.49 —2.93+2.29 26.282 | 0.000

Within 3 years —13.94+6.36 —8.02+3.92 49.959 | 0.000
AeGFR (mL/min/1.73m?)

Within 2 years —9.22+1.76 —7.04+9.2 —5.29+7.16 | 7.392 | 0.001

Within 3 years —18.93+3.41 —10.77+9.02 —5.21£7.75 | 81.488 | 0.000
Average change in mGFR within 3 years (mL/min) —4.65+2.12 —2.67+1.31 49.959 | 0.000
Average change in eGFR within 3 years (mL/min/1.73m?) | —6.31%1.14 —3.59+3.01 —1.74£2.58 | 81.488 | 0.000

Abbreviations: eGFR, estimated glomerular filtration rate; mGFR, measured glomerular filtration rate.

Analysis of Risk Factors Affecting GFR Changes
Table 3 shows that for the eGFR changes in the three groups, Glu (p=—0.262, P=0.003) and UP (=—1.482, P<0.001) had
a significant negative impact. For the mGFR changes in the two groups, only UP (=—0.729, P=0.001) had a significant

negative impact.

Analysis of Factors Influencing Renal Function Changes in Elderly Participants with
Negative Proteinuria

All participants had negative proteinuria: the K group with 20 people, the NK group with 76 people, and the H group
with 90 people. The K group had the most significant annual eGFR decline within three years, exceeding SmL/min/
1.73m>. Within 2 years, there was no significant abnormality in the decline of eGFR among the three groups. However,
after 3 years, significant differences appeared among the three groups. There were differences in baseline blood glucose,
uric acid, and blood albumin among the groups (Table 4).

801
® Kidney diseases(eGFR)

B No kidney diseases(eGFR)

-A- Health(eGFR)
Kidney diseases(mGFR)
No kidney diseases(mGFR)

GFR(mL/min/1.73m?)
(-2
o

2017 2018 2019
Years

Figure | GFR changes over 3 years in all subjects.
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Table 3 Analysis of Factors Influencing Changes in Glomerular Filtration Rate
(GFR)
eGFR mGFR*
[ P 95% CI p P 95% CI
K group —40.31 | <0.001 | —46.07~-34.54 | —12.05 | <0.001 | —18.74~-5.36
NK group | —26.96 | <0.001 | —31.82~-22.10 Ref.
H group Ref.
GLU 0.35 0.192 —0.18~ 0.88 0.22 0.472 —3.85~0.83
HbAIlc 1.36 0.029 0.14 ~2.58 1.84 0.016 0.35~3.34
LDL-c —0.44 0.440 —1.56 ~ 0.68 0.35 0.660 | —1.22~1.92
UA —0.01 0.248 —0.02 ~ 0.00 —-0.00 0.499 —0.02~0.01
ALB —0.38 0.038 | -0.74 ~-0.02 | —0.26 0.305 —0.74~0.23
UP —-0.21 0.861 —245~2.13 041 0.778 —2.45~3.28
SBP —0.10 | <0.00l | —0.15~-0.04 | —0.06 0.102 —0.14~0.01
Note: #Only data from the K group and the NK group were used.
Abbreviations: ALB, albumin; B, regression coefficient; eGFR, estimated glomerular filtration rate;
GLU, glucose; HbAc, glycosylated hemoglobin; LDL-c, low density lipoprotein cholesterol; mGFR,
measured glomerular filtration rate; UA, uric acid; UP, urine protein; SBP, systolic pressure.
Table 4 Baseline Examination and Trends in Glomerular Filtration Rate (GFR) Among Protein-Negative Subjects
Kidney Diseases | No Kidney Diseases | Health F P
N 20 76 90
AeGFR (mL/min/1.73m2)
Within 2 years —8.58+1.79 —6.86+9.25 —529+7.16 1.816 0.166
Within 3 years —17.8+2.92 —10.61+9.05 —5.21x7.75 23.780 | <0.001
Average change in eGFR within 3 years (mL/min/1.73m2) | —5.93+0.97 —3.54£3.02 —1.74+£2.58 23.780 | <0.001
GLU (mmol/L) 9.62+4.64 6.71+2.06 4.48+1.02 56.440 | <0.001
HbAlc (%) 5.89+1.54 7.3%1.51 5.23+0.74 61.405 | <0.001
LDL-c (umol/L) 3.04£1.15 2.85%1.08 3.05%1.12 0.729 0.484
UA (umol/L) 412.74+172.46 454.58+176.69 379.39+96.28 | 5.713 0.004
ALB (g/L) 38.12£3.37 32.59+3.87 35.54+3.3 25.161 | <0.001
SBP (mmHg) 127.77£23.15 132.08+29.99 128.18+28.77 | 0.432 0.650

Abbreviations: ALB, albumin; eGFR, estimated glomerular filtration rate; GLU, glucose; HbAlc, glycosylated hemoglobin; LDL-c, low density lipoprotein cholesterol;
UA, uric acid; UP, urine protein; SBP, systolic pressure.

Regression analysis of the annual changes in eGFR in the three groups showed that only baseline blood glucose had
a significant negative impact on AeGFR. In other words, a high baseline level of blood glucose would lead to a more
significant decline in eGFR (Supplementary Table 1).

Discussion

The present study focused on changes in GFR among elderly individuals with different health statuses. The Results
showed that patients with confirmed kidney disease had the fastest annual decline in GFR, with mGFR decreasing by
4.65 = 2.12 mL/min/1.73m* and eGFR decreasing by 6.31 + 1.14 mL/min/1.73m?. The second highest decline was
observed in elderly patients with other diseases, with mGFR decreasing by 2.67 + 1.31 mL/min/1.73m? and eGFR
decreasing by 3.59 £ 3.01 mL/min/1.73m?. The GFR of apparently healthy elderly individuals remained stable, with an
annual GFR change of —1.74 £ 2.58 mL/min/1.73m?. Given that the GFR of each group was not different at baseline, the
subsequent changes in GFR are particularly noteworthy. This reminds us of the need for stratified management of kidney
health for different populations. For patients with kidney disease, regular monitoring of kidney function and risk factors
is necessary to delay the onset of end-stage renal disease. For healthy elderly individuals, kidney function tends to remain
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stable, and age-related declines in kidney function have little impact on life expectancy,'? thus there may be no need for
excessive concern.'® For elderly individuals with various diseases but without confirmed kidney disease, their kidney
reserve has been affected, and clear signs of kidney function decline are evident, highlighting the need to raise the
awareness of non-nephrology physicians about kidney protection.

The changes in kidney function in elderly people have their own characteristics: a comprehensive review of the literature
reveals that GFR decreases with healthy aging,'> without any apparent compensatory signs (such as an increase in single
kidney unit GFR) or kidney damage.'® Compared to young patients with the same eGFR, elderly patients have a much lower
risk of progressing to kidney failure.'” The incidence of kidney failure in young people without proteinuria is 0.7/100 person-
years, while the incidence in elderly people without proteinuria is so low as to be imperceptible.'® Therefore, blindly
performing kidney-related interventions and over-treating elderly people with decreased eGFR is not appropriate. However,
identifying the elderly population with a potentially rapid decline in GFR has significant clinical significance.

To avoid age-related confounding factors in eGFR calculation, more reliable methods for studying renal function may
be mGFR' and living donor kidney transplantation:** GFR declines significantly with age and that the rate of decline in
mGFR becomes significant after the age of 40; a large proportion of healthy older adults have mGFR <60 mL/min/
1.73 m?. Through observation of mGFR changes, we found that both K and NK groups had age-related declines, with an
overall decrease that was lower than eGFR, but the decline rate in the K group was still faster than in the NK group.
Unfortunately, we lack mGFR data for the group of apparently healthy older adults. The only longitudinal study using
mGFR in a healthy general population is the Renal Iohexol Clearance Survey in Tromse 6 (RENIS-T6),?' which included
a representative sample of 1594 white people aged 50-62 years from the general population without CKD, diabetes, or
cardiovascular disease. The authors showed a mean GFR decline rate of 0.84+2.00 mL/min per year.

We paid special attention to the elderly subjects with negative urine protein in the three groups. We wanted to find out
if there were any characteristics that could lead to rapid decline in GFR among elderly patients with similar clinical
presentations at first diagnosis. These patients all presented with normal serum creatinine and negative urine protein at
first diagnosis, but due to different underlying diseases, there were significant differences in the degree of GFR decline.
This is also a common challenge for clinical doctors: how to identify high-risk populations and provide individualized
treatment. According to the statistical analysis results, GLU at first diagnosis was the factor that affect kidney function.
We are also conducting some prospective studies to validate this conclusion, hoping to start interventions for high-risk
populations as early as possible. Interestingly, within 2 years, there was almost no difference in eGFR decline among the
subjects in these three groups. The significant differences only became evident after 3 years. Therefore, for elderly
individuals with combined high-risk factors, it is important not to take it lightly and to continue monitoring the
progression of kidney function in the long term.

Based on the above analysis, we believe that for elderly people whose renal state cannot be determined in the initial
diagnosis, if their annual eGFR declines by more than 5 mL/min/1.73m? they can be defined as a “kidney accelerated
aging” population. This population exhibits a faster decline in kidney function and may belong to the category of chronic
kidney disease, requiring medical monitoring.

We aimed to identify the main risk factors affecting kidney function changes in the elderly. By analyzing a linear
mixed effect model, we found that disease status (Grouping) was the main factor leading to accelerated decline in kidney
function. In other words, elderly people who are in a diseased state and require hospitalization will experience a faster
decline in kidney function, regardless of whether they are clearly diagnosed with kidney disease, while the kidney
function of apparently healthy elderly people remains relatively stable over several years. The performance of other risk
factors is basically consistent with the reports of scholars in the industry. For all participants, the impact of HbAlc was
also very significant. In the negative urine sediment subgroup, traditional risk factors such as blood sugar,*** blood

pressure,”*2° and uric acid?’®

also showed an impact on kidney function.

Our study had some limitations. The sample size was small, and the observation period was only 3 years. Our study
was a single-center study, and the population included in our study was from Beijing, so the conclusions of this study can
only represent the situation in northern China. In addition, no renal dynamic imaging was performed in the apparently
healthy elderly population, so there was a lack of mGFR data. We are continuing to study renal aging in the elderly, and

in future studies, we will expand the sample size, include more regions and races, and introduce new markers.
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Conclusion

In summary, we observed age-related changes in elderly people in Beijing: except for apparently healthy elderly
individuals, all other patients showed significant age-related declines in GFR; the acceleration of renal function
deterioration in disease states was particularly serious in cases of clearly diagnosed kidney diseases; the disease status
was also an independent risk factor affecting the progression of kidney function in people with negative urine sediment.
We define elderly people whose annual eGFR declines by more than 5SmL /min/1.73m? as the “kidney accelerated aging”
population. We recommend that these population be closely monitored and have their internal complications controlled;
non-nephrology specialists should increase their awareness of renal function loss; and apparently healthy elderly
individuals do not require excessive medical care. This study revealed to us the trends and patterns of renal function
changes in elderly individuals in Beijing with varying kidney conditions. It provides a foundation for future research and
offers new insights into stratified diagnosis and treatment of kidney aging.
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