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A B S T R A C T   

With the increasing threat of metabolic syndromes, a focus on maintaining kidney health from early- to mid- 
adulthood is necessary. This study elucidates mortality risk and years of life lost (YLLs) due to abnormal renal 
function. This was a retrospective, matched cohort study from health checkup data from 2000 to 2015. We 
identified 12,774 participants with abnormal renal function (eGFR < 60 mL/min/1.73 m2) and used propensity 
score matching to identify 25,548 participants with normal renal function (eGFR ≥ 60). YLLs were estimated 
using the life expectancy differences between the abnormal and matched normal cohorts. Cox models were used 
to estimate the adjusted mortality risk. The estimated life expectancy of participants with proteinuria and eGFR 
< 60 was 26.24 years, with a 95 % confidence interval of (23.96, 29.36), 17.62 (16.37, 18.78), and 11.70 (11.02, 
12.46) for age groups of 30 – 54, 55 – 64, and 65 – 79 years, respectively. The estimated YLLs of participants with 
proteinuria and eGFR < 60, as compared with the matched normal cohort, were 17.86 (13.41, 20.36), 12.55 
(11.41, 13.78), and 8.31 (7.47, 9.13) years for the three age groups, respectively. The Cox model estimates of 
mortality hazard ratios of participants having proteinuria and eGFR < 60 against matched referents were 5.29 
(3.97, 7.05), 3.99 (3.34, 4.75), and 3.05 (2.62, 3.55) for the three age groups, respectively. Abnormal renal 
function shortens life expectancy, particularly in patients with proteinuria and in younger adults. Active health 
management of renal function can reduce the disease burden.   

1. Introduction 

Renal function is known to decline with aging and is associated with 
a higher risk of progression to end-stage renal disease (ESRD) (Chuang 
et al., 2021; Hwang et al., 2010; Webster et al., 2017; Xu et al., 2019). It 
is life-threatening and often has high national medical expenses (Chan 
et al., 2014). Preserving renal function can prevent comorbidities 
(Couser et al., 2011) and complications. In 2019, kidney disease became 
the 10th cause of death, accounting for 1.3 million deaths worldwide 
according to WHO Global Health Estimates (https://www.who.int/news 

-room/fact-sheets/detail/the-top-10-causes-of-death). With rapid prog
ress to an aging society and the increasing global epidemic of metabolic 
syndromes (Saklayen, 2018), a dose–response relationship between the 
traits of metabolic syndrome and the incidence of chronic kidney disease 
(CKD) was observed (Alizadeh et al., 2018). Patients with CKD, whether 
alone or combined with other chronic diseases, would have increased 
mortality risk, medical costs, and shortened life expectancy (LE) (Wan 
et al., 2019). 

Taiwan has a high prevalence of CKD (11.9 %) and has the highest 
prevalence and incidence of ESRD in the world (https://adr.usrds. 
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org/2020.AccessedMarch23/end-stage-renal-disease/11-internation 
al-comparisons); however, there was low public awareness, in which 
only 3.5 % of CKD patients were aware of their condition (Wen et al., 
2008). Therefore, it is necessary to raise public and clinical awareness of 
CKD and its health impacts, including mortality risks and shortened LE. 
A population-based study from Canada found that a lower renal function 
level, represented by estimated glomerular filtration rate (eGFR) or 
proteinuria, is related to a shorter LE (Turin et al., 2013; Turin et al., 
2012). Another Taiwanese prospective cohort study from 1994 to 2008 
found a reduction in LE for early diabetic CKD patients (Wen et al., 
2017). Two retrospective cohort studies in Hong Kong showed similar 
results, that is, people with severe CKD had higher medical costs and 
shortened LE (Wan et al., 2020; Wan et al., 2019). These studies applied 
either the abridged life table method or a flexible parametric survival 
model to calculate LE. Patients with more comorbidities had a higher 
risk for disease burden. 

However, when comparing LE between different groups, only age 
and sex were considered, without accounting for other important factors 
that could also affect the lifespan. Statistical tests were performed to 
verify the presence of LE differences between groups. This study 
attempted to solve the above problems by matching the important fac
tors, including age, sex, socioeconomic status (represented by educa
tional attainment), and medical history; matching was performed 
between renal function groups to create study cohorts with abnormal 
renal function (eGFR and proteinuria) as well as matched normal co
horts. We further proposed to estimate a more accurate cohort LE 
instead of period LE, which is often calculated based on mortality rates 
in a few years to compare LE. The estimated LE of cohorts with and 
without abnormal renal function was compared separately for the three 
age groups. Finally, to explore the relationship between the shortened 
LE and mortality risk, we used Cox proportional models to estimate 
hazard ratios for the abnormal renal function groups with adjustment for 
potential risk factors. 

2. Material and methods 

2.1. Data and study population 

During the 16-year study period, 471,669 people underwent health 
check-ups at the MJ Health Screening Center in Taiwan from 2000 to 
2015. Information on lifestyle behavior was collected using a standard 
self-administered questionnaire. Anthropometric and biological data 
were collected during health examinations. This health database was 
linked to the cause-of-death dataset from 2000 to 2019 and the Taiwan 
Cancer Registry (TCR) from 2002 to 2015, with encrypted personal 
identification by trained staff members from the Health and Welfare 
Data Science Center, Ministry of Health and Welfare, and the MJ Health 
Research Foundation. The observed survival information (coded in ICD- 
9 and ICD-10) and cancer history (coded in ICD-O-3) were used to es
timate LE and exclude participants with prior cancer history, either from 
TCR or self-reported cancer history, which could affect the estimation 
process. Fig. 1 shows the details upon data processing. As shown in 
Fig. 1, the health check-up data from 2000 to 2015 includes 471,669 
participants and 1,093,479 records. Among them, 5,336 participants 
lacked identification information, and 123 had an incorrect information 
of birth year and gender compared with other participants registered in 
the health databases, such as the cause of death (COD) database and 
Taiwan cancer registry data (TCR). Thus, these patients were excluded, 
and 466,210 participants and 1,084,899 records that were linked suc
cessfully to TCR and COD were included. Further, we excluded 93,802 
participants aged outside of our age range (30–79 years) and 2,825 
participants with eGFR that did not range between 2 and 200, or with 
missing values. In total, 368,565 participants met the inclusion criteria. 
However, from the seven matching factors, five factors had missing 
values, including history of diabetes (0.77 %), cardiovascular disease 
(0.58 %), hypertension (0.58 %), proteinuria status (3.98 %), and 

education level (3.35 %). The 27,048 participants without matching 
factors were excluded before the matching process. Finally, 341,517 
participants were included in the matching process, comprising 13,052 
participants with eGFR < 60 and 328,465 participants with eGFR ≥ 60. 
For the three age groups (30–54, 55–64, and 65–79 years), a one-to-two 
matching process was applied based on the seven matching factors, for 
which 38,322 participants were finally included (eGFR < 60, 12,774 
participants; eGFR ≥ 60, 25,548 participants) for further analysis. 

The eGFR was calculated using the Chronic Kidney Disease Epide
miology Collaboration (CKD-EPI) equation (Levey et al., 2009). The date 
for the first eligible renal function measurement for each participant was 
set as the cohort entry date (baseline). Survival time was calculated from 
baseline, first checkup time, to the time of death, or censored at the end 
of 2019. 

3. Study design and matching 

We used a logistic regression model to conduct propensity score (PS) 
matching using the seven factors listed in Appendix 1. A matching 
process was conducted using greedy nearest-neighbor matching, which 
sequentially selected two persons from the normal group whose PS best 
matched the PS of one person from the abnormal groups. A caliper 
having a width of 0.2 was used to estimate the standard deviation of the 
logit of the PS, as suggested (Austin, 2011). The standardized mean 
difference (SMD) were used to examine the balance of matched factors 
between abnormal and normal groups. The threshold for declaring 
imbalance was SMD greater than 0.1 (Zhang et al., 2019). The above- 

Fig. 1. The flow chart of selecting participants.  
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mentioned matching processes were conducted using the “MatchIt” 
package in R 3.5.2. The participants in each of the three age groups were 
further stratified into six study cohorts using eGFR and proteinuria as 
the study indicators. Specifically, we compared five abnormal cohorts 
(eGFR ≥ 60, with trace proteinuria; eGFR ≥ 60, with positive protein
uria; eGFR < 60, without proteinuria; eGFR < 60, with trace proteinuria; 
and eGFR < 60, with positive proteinuria) with the normal cohort 
(eGFR ≥ 60, without proteinuria) to assess the mortality risk and burden 
of the disease. Due to the sample size limitation and the presence of data 
on healthy participants in the health check-up database, the number of 
participants with eGFR < 45, without proteinuria, and with trace pro
teinuria among participants aged 30–54 years were<100 participants, 
as was the number of participants aged 55–64 years with eGFR < 45 and 
with trace, and also those aged 65–79 years with eGFR ≥ 90 and with 
trace or proteinuria. Therefore, we conducted further analysis for the 
pooled age group of 30–79 years and stratified them into four eGFR 
groups including eGFR < 45, 45 ≤ eGFR < 60, 60 ≤ eGFR < 90, and 
eGFR ≥ 90. 

The basic characteristics of the matched participants are presented 
using descriptive statistics. Differences in baseline characteristics be
tween the two eGFR groups were assessed using independent t-tests for 
continuous variables and chi-square tests for categorical variables. 

4. Estimation of LE 

We found high percentages of censored survival times, even in the 
study cohorts with a maximum follow-up time of 20 years. One method 
to estimate the LE of a cohort was to extrapolate its survival function 
beyond the maximum follow-up time. We estimated the lifetime survival 
function of a cohort using a novel rolling extrapolation algorithm that 
has been successfully applied to several real-world problems of disease 
burden and cost-effectiveness assessment (Chang et al., 2021; Hwang 
and Hu, 2020; Hwang et al., 2017; Kuo et al., 2021; Wu et al., 2018a). 
The extrapolation method is briefly described in Appendix 2. The area 
under the estimated lifetime survival curve was the LE estimate of the 
cohort. The computations of LE, standard error, and 95 % confidence 
interval of the estimate were conducted using the R package iSQoL2 (R 
Core Team, 2019; Hu, 2019). 

5. YLLs owing to abnormal renal function 

To fulfill the primary aim, the MJ participants of each age group 
were classified into six study cohorts according to eGFR levels (eGFR ≥
60 and < 60) and three types of proteinuria status (negative for no 
protein, trace [-/+] of protein found in urine, and positive for protein 
presented [≥+ sign] in urine). To compare LE among the study cohorts, 
we first adjusted for the possible effects of age and sex on LE by calcu
lating the standardized LE deviation (SLED) of each cohort, which was 
the LE difference between the cohort and the age- and sex-matched 
reference generated from the same life tables in Taipei City. For each 
age group, the cohort with eGFR ≥ 60 and with no proteinuria was 
treated as normal. For the pooled age group, the MJ participants of each 
age group were classified into twelve study cohorts according to four 
eGFR levels and three types of proteinuria status. The cohort with eGFR 
≥ 90 and with no proteinuria was treated as normal. We subtracted the 
SLEDs of the five abnormal cohorts from the normal to obtain the esti
mated expected years of life lost (YLL) for people with abnormal renal 
function. 

6. Mortality risk of abnormal renal function 

A Cox proportional model was used to explore possible mortality risk 
factors as well as to compare two renal function level and three pro
teinuria status groups among the three age groups and also for the 
pooled age group with the combination of four eGFR groups and three 
proteinuria status groups. The above procedures were conducted using 

the coxph function in R 3.5.2 (R Core Team, 2019); 19 risk factors were 
included in the Cox regression model (see Appendix 1). Finally, we 
compared the estimated YLL and hazard ratios (HRs) from the Cox 
proportional models of mortality risks of patients with abnormal renal 
function with adjustment for potential risk factors. 

7. Results 

There were 2,548, 4,196, and 6,030 participants with an eGFR < 60, 
as identified in the age groups of 30–54, 55–64, and 65–79 years, 
respectively. The numbers of matched participants with an eGFR ≥ 60 in 
the three age groups were 5,096, 8,392, and 12,060, respectively 
(Table 1). For the seven matching factors, including age, sex, education, 
hypertension (HTN), diabetes mellitus (DM), cardiovascular disease 
(CVD), and proteinuria, the SMD between the eGFR ≥ 60 and eGFR < 60 
groups was < 0.1, indicating the balance of matched factors between the 
abnormal and normal groups (Table 1). The mean follow-up times were 
179.07, 168.62, and 151.86 months for participants with eGFR < 60 in 
the three age groups (Table 2). For matched participants with eGFR ≥
60, the mean follow-up times were 170.75, 164.31, and 154.91 months 
for the three age groups. Overall, the mortality rate was higher in the 
older age and poor renal function groups. Participants with an eGFR <
60 had a higher percentage of cerebrovascular and kidney diseases, 
gout, obesity, and higher blood lipid levels. In Table S1, we showed the 
descriptive statistics of eGFR by using data pertaining to the three age 
groups, abnormal or renal function, and three proteinuria statuses. The 
mean values of eGFR for abnormal function and proteinuria were 38.5, 
37.8 and 40.0 for the age groups of 30–54, 55–64, and 65–79 years, 
respectively. 

The estimated lifetime survival curves of the cohorts and those of the 
age- and sex-matched reference populations generated from the life ta
bles of Taipei City for the three age groups are shown in Figure S1. 
Table 3 shows the estimated LE, which is the area under the lifetime 
survival curve of the study cohort according to age at enrollment. In the 
age group of 30–54 years, the LE of the cohort with eGFR < 60 without 
proteinuria was 39.65, with a 95 % confidence interval (CI) of (38.04, 
40.77) years, which was lower than 41.63 (39.54, 42.68) years of the 
normal cohort. When the participants had proteinuria, LEs declined to 
26.24 (23.96, 29.36) and 34.26 (31.12, 37.22) years depending on 
eGFR < 60 and eGFR ≥ 60, respectively, for this age group. For par
ticipants aged 55–64 years without proteinuria, LE of those with eGFR 
< 60 was 27.51 years, as compared to 29.51 years of those with eGFR ≥
60. If they had proteinuria, LE decreased sharply to 17.62 years and 
21.03 years for eGFR < 60 and eGFR ≥ 60, respectively. For participants 
without proteinuria and aged 65–79 years, LEs of those with eGFR < 60 
and eGFR ≥ 60 were 18.21 years and 19.42 years, respectively. If they 
had proteinuria, LE decreased sharply to 11.70 years and 14.79 years for 
eGFR < 60 and eGFR ≥ 60, respectively. Regardless of eGFR and age 
group, the LEs of the population with trace proteinuria were interme
diate between those with and without proteinuria. 

Table S2 lists the SLED estimates and 95 % CIs of the study cohorts. 
Overall, participants with eGFR < 60 and proteinuria had a significantly 
lower SLED than the reference population. The estimates of SLED were 
− 13.89 (-16.24, − 10.86), − 9.12 (-10.38, − 7.94), and − 6.13 (-7.01, 
− 5.23) years for the cohorts in the age groups of 30–54, 55–64, and 
65–79 years, respectively. For participants with normal renal function, 
the estimates of the SLEDs were all positive, indicating that LE was 
better than that of the matched reference population. 

The estimated YLL of the abnormal cohort was calculated by sub
tracting their SLED from that of the matched normal cohort. The esti
mated YLL values for the three age groups are presented in Table 4. For 
the cohort of participants with eGFR < 60 and proteinuria, the estimated 
YLLs were 17.86 (13.41, 20.36), 12.55 (11.41, 13.78), and 8.31 (7.47, 
9.13) years among the 30–54, 55–64, and 65–79 years, respectively. For 
the cohort of participants with eGFR ≥ 60 and proteinuria, the estimated 
YLLs were reduced to 9.08 (5.18, 12.12), 9.01 (8.04, 10.11) and 5.06 
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(4.30, 5.73) years among the 30–54, 55–64 and 65–79 age groups, 
respectively. For the remaining abnormal cohorts without proteinuria, 
the estimated YLLs were much smaller and significant for the 55–64 and 
65–79 age groups, with an estimate of 1.82 (1.23, 2.62) and 1.07 (0.62, 
1.34) years, respectively. For participants with trace proteinuria, the 
YLLs were intermediate between those with and without proteinuria. As 
shown in Table 4, the estimates of all-cause mortality HRs of the 

abnormal cohort with both eGFR < 60 and proteinuria were 5.29 (3.97, 
7.05), 3.99 (3.34, 4.75), and 3.05 (2.62, 3.55) for the 30–54, 55–64, and 
65–79 age groups, respectively. For the cohorts with proteinuria and 
eGFR ≥ 60, the hazard ratios were reduced to 2.02 (1.48, 2.76), 3.03 
(2.49, 3.69), and 2.02 (1.68, 2.43) for the three age groups, respectively. 
The estimated HRs for the remaining abnormal cohort without pro
teinuria for the three age groups were 1.39 (1.10, 1.77), 1.31 (1.17, 
1.45), and 1.16 (1.09, 1.23), respectively. 

Table S3 lists the personal risk factors identified in the Cox hazard 
models for the three age groups. Consistent significant risk factors were 
age, current smoking, higher alpha-fetoprotein (AFP), diabetes, and 
cerebrovascular disease. It is clear that the estimated hazard ratios were 
higher for participants with proteinuria and were even higher for those 
with both proteinuria and eGFR < 60. 

In Table S4, there were 2,078 participants aged 30 to 79 years with 
eGFR < 45. The participant with poor eGFR tended to be older, male, 
more obese, and with shorten follow up time, and having higher mor
tality and more chronic diseases. The current smoking behaviors and 
drinking behaviors were higher in those participants with eGFR>=90. 
In Table S5, for the cohort of participants aged 30 to 79 years with eGFR 
< 45 and without proteinuria, the estimated YLL and hazard ratio were 
4.18 (2.94, 5.33) years and 1.47 (1.28, 1.69), but if with proteinuria, the 

Table 1 
The descriptive statistics of seven matching factors after propensity score matching between abnormal and normal renal cohort (SMD).   

Age: [30,54]  Age: [55,64]  Age: [65,79]  

Variable eGFR ≥ 60 eGFR < 60 SMDa eGFR ≥ 60 eGFR < 60 SMDa eGFR ≥ 60 eGFR < 60 SMDa 

Total N 5,096 2,548  8,392 4,196  12,060 6,030  
Age: Mean(SD) 46.98(6.33) 46.85(6.38) 0.021 60.11(2.75) 60.11(2.74) 0.002 70.61(4.00) 70.71(4.07) 0.025 
Male: N(%) 3,397(66.7) 1,681(66.0) 0.015 5,118(61.0) 2,526(60.2) 0.016 6,322(52.4) 3,225(53.5) 0.021 
Educational Attainment: N(%)   0.017   0.012   0.030 
Illiterate 91(1.8) 41(1.6)  680(8.1) 353(8.4)  2,387(19.8) 1,170(19.4)  
Under high school 2,578(50.6) 1,303(51.1)  6,070(72.3) 3,029(72.2)  8,067(66.9) 3,995(66.3)  
College or above 2,427(47.6) 1,204(47.3)  1,642(19.6) 814(19.4)  1,606(13.3) 865(14.3)  
Hypertension: N(%) 1,416(27.8) 715(28.1) 0.006 3,244(38.7) 1,619(38.6) 0.001 5,792(48.0) 2,929(48.6) 0.011 
Diabetes mellitus: N(%) 538(10.6) 254(10.0) 0.019 1,668(19.9) 810(19.3) 0.014 2,509(20.8) 1,289(21.4) 0.014 
Cardiovascular disease: N(%) 285(5.6) 162(6.4) 0.032 1,036(12.3) 541(12.9) 0.017 2,685(22.3) 1,377(22.8) 0.014 
Proteinuria: N(%)   0.015   0.005   0.042 
– 3,940(77.3) 1,962(77.0)  6,752(80.5) 3,368(80.3)  10,278(85.2) 5,097(84.5)  
-/+ 432(8.5) 211(8.3)  763(9.1) 384(9.2)  1,153(9.6) 561(9.4)  
+/++/+++ 724(14.2) 375(14.7)  877(10.5) 444(10.6)  629(5.2) 372(6.2)   

a Standardized mean difference (SMD). 

Table 2 
Characteristics of the included participants stratified by eGFR status at the baseline.   

Age: [30,54]  Age: [55,64]  Age: [65,79]  

Variable eGFR ≥ 60 eGFR < 60 P value eGFR ≥ 60 eGFR < 60 P value eGFR ≥ 60 eGFR < 60 P value 
Follow-up time: Mean(SD) 170.75 

(52.95) 
179.07 
(54.61) 

<0.001 164.31 
(55.99) 

168.62 
(57.07) 

<0.001 154.91 
(56.90) 

151.86 
(58.95) 

0.001 

Death: N(%) 280(5.5) 252(9.9) <0.001 1,303(15.5) 562(21.2) <0.001 4,492(37.2) 2,685(44.5) <0.001 
Smoking Status: N(%)   0.088   0.232   0.487 
Never 3,266(64.1) 1,698(66.6)  5,786(68.9) 2,909(69.3)  8,754(72.6) 4,328(71.8)  
Former 440(8.6) 204(8.0)  842(10.0) 450(10.7)  1,450(12.0) 755(12.5)  
Current 1,390(27.3) 648(25.4)  1,764(21.0) 837(19.9)  1,856(15.4) 947(15.7)  
Drinking Habits: N(%)   <0.001   <0.001   <0.001 
Never 3,799(74.5) 1,946(76.4)  6,162(73.4) 3,210(76.5)  9,560(79.3) 4,820(79.9)  
Former 190(3.7) 142(5.6)  508(6.1) 284(6.8)  812(6.7) 463(7.7)  
Current 1,107(21.7) 460(18.1)  1,722(20.5) 702(16.7)  1,688(14.0) 747(12.4)  
Obesity: N(%) 1,356(26.6) 659(25.9) 0.485 2,628(31.3) 1,394(33.2) 0.031 4,499(37.3) 2,374(39.4) 0.007 
TG: N(%) 1,918(37.6) 1,087(42.7) <0.001 3,104(37.0) 1,849(44.1) <0.001 3,930(32.6) 2,463(40.8) <0.001 
HDLC_L: N(%) 1,118(21.9) 696(27.3) <0.001 1,884(22.4) 1,188(28.3) <0.001 2,946(24.4) 1,834(30.4) <0.001 
High AFP: N(%) 14(0.3) 5(0.2) 0.516 51(0.6) 9(0.2) 0.003 55(0.5) 22(0.4) 0.374 
Long-term medication: N(%) 3,038(59.6) 1,249(49.0) <0.001 3,544(42.2) 1,535(36.6) <0.001 3,862(32.0) 1,654(27.4) <0.001 
Medicines for gout/ 

Uricosuric medicines: N(%) 
155(3.0) 241(9.5) <0.001 262(3.1) 374(8.9) <0.001 380(3.2) 545(9.0) <0.001 

Medicine for high blood lipids: N(%) 192(3.8) 126(4.9) 0.015 388(4.6) 286(6.8) <0.001 704(5.8) 404(6.7) 0.023 
Cerebrovascular (stroke included): N 

(%) 
41(0.8) 34(1.3) 0.027 159(1.9) 126(3.0) <0.001 413(3.4) 234(3.9) 0.119 

Kidney disease/Nephritis: N(%) 103(2.0) 254(10.0) <0.001 141(1.7) 270(6.4) <0.001 167(1.4) 278(4.6) <0.001 
Gout/Rheumatism: N(%) 399(7.8) 487(19.1) <0.001 642(7.7) 699(16.7) <0.001 908(7.5) 839(13.9) <0.001  

Table 3 
Estimated life expectancy from the enrollment stratified by age, proteinuria and 
eGFR status in the studied population.    

eGFR ≥60 eGFR <60 

Age Proteinuria LE (95 % C.I.) LE (95 % C.I.) 
[30,54] – 41.63 (39.54, 42.68) 39.65 (38.04, 40.77)  

-/+ 37.88 (34.46, 40.35) 31.30 (24.42, 36.66)  
+,++,+++ 34.26 (31.12, 37.22) 26.24 (23.96, 29.36) 

[55,64] – 29.51 (28.98, 29.95) 27.51 (26.88, 28.18)  
-/+ 24.60 (23.46, 25.75) 22.78 (21.34, 24.26)  
+,++,+++ 21.03 (20.11, 21.96) 17.62 (16.37, 18.78) 

[65,79] – 19.42 (19.22, 19.64) 18.21 (17.98, 18.50)  
-/+ 16.45 (15.90, 16.94) 14.57 (13.91, 15.32)  
+,++,+++ 14.79 (14.18, 15.58) 11.70 (11.02, 12.46)  
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YLL and hazard ratio increased to 14.36 (12.91, 15.72) years and 4.85 
(4.15, 5.66). 

8. Discussion 

This study illustrates a significant loss of life for people with 
abnormal renal function across three age groups by measuring two 
commonly used renal function indicators: eGFR and proteinuria. We 
found a strong relationship between mortality risk and YLLs with 
abnormal eGFR and proteinuria (trace or positive) from young adults to 
the elderly. Our study sheds light on the importance of actively man
aging renal function through regular health check-ups, which can be 
beneficial for preventing early life loss and reducing the overall disease 
burden. 

In comparison with previous studies, one study in Canada found that 
compared with eGFR ≥ 60, LE was shorter at lower eGFR levels across all 
age groups and for both sexes (Turin et al., 2012). Another study pre
sented that compared with those without proteinuria, people with mild 
(-/+ or 1 + ) and heavy (more than 2 + ) proteinuria also have shorter LE 
across all age groups and both sexes; YLLs for men and women aged 65 
years with mild proteinuria are 4.1 and 5.5 years, respectively (Turin 
et al., 2013). The decreasing patterns of YLL with declining renal 
function in those studies were consistent with our findings. 

Several characteristics of eGFR < 60 with proteinuria among the 
30–54 years age group were noteworthy when compared with the rest of 
the age groups. Up to 23 % of CKD patients (i.e., eGFR < 60) among the 
30–54 years age group had trace or proteinuria in the matched cohort, 
which indicated that early detection of proteinuria should be a corner
stone of CKD management. A serum creatinine test alone for eGFR may 
be inadequate for comprehensive renal function evaluation. The mea
surement of urinary protein levels using a urine dipstick is a simple 
method to achieve and provide more information about kidney health. 
Furthermore, YLL was significantly higher in the proteinuria group in all 
age groups. Additionally, given the same eGFR, patients with protein
uria had worse outcomes and higher mortality rates than those without. 
This result was in accordance with that of a Chinese study (Wu et al., 
2018b), they suggested that proteinuria reflects glomerular and tubular 
dysfunction, is a significant risk factor for LE reduction, and is inde
pendent of eGFR. 

This study has several strengths. First, this was a large health 
checkup cohort, highlighting that preventive medicine and active health 
management can be beneficial in reducing the disease burden. Second, 
this study had a relatively longer follow-up duration than similar 
studies. Validation of the robustness of our survival extrapolation 

algorithm within the cohort is important. Third, a matching process 
conducted before LE estimation was crucial to ensure comparability 
between abnormal and normal cohorts. This study not only considered 
age and sex, but also accounted for other important factors that may also 
affect lifespan. 

However, this study also has some limitations. First, renal function 
indicators and other explanatory variables were measured at baseline; 
certain levels of misclassification may have occurred. Second, the risk of 
cancer affects the estimation of survival; hence, these participants were 
excluded from the data analysis. Additionally, we used two approaches 
to enhance comparability among different cohorts to extrapolate their 
survival function, that is, propensity matching and choosing the relevant 
reference population in Taipei City because the studied cohort might 
have had a higher socioeconomic status than the general population (Wu 
et al., 2017). Third, patients with advanced-stage CKD are rare among 
young adults; the data did not contain information on dialysis. There
fore, we could not further differentiate between the risk and YLL in 
patients with advanced CKD. However, the purpose of this study was to 
prevent the deterioration of renal function in CKD patients. The cut-off 
points of eGFR ≥ 60 and proteinuria are simple standards for screening 
patients in the clinical setting and in routine health check-ups. Fourth, 
the information on specific types of medications, such as renin- 
angiotensin system (RAS) blockade was unavailable in our data. How
ever, we matched patients by the history of DM, CVD, and HTN, and 
stratified our analysis into three age groups and different renal func
tions. This should reduce the effect of a specific medication in each 
group. Fifth, the current health check-up data did not include informa
tion on the participants’ previous history of acute kidney injury or 
family history of kidney disease. Therefore, we could not adjust for these 
effects in our estimation. Sixth, the most commonly used indicators for 
checking renal function during health check-up are eGFR and the results 
from urine dipstick in Taiwan. As Taiwan has the highest incidence and 
prevalence of end-stage renal disease (ESRD) worldwide, early screening 
of the advanced stages of chronic kidney disease (CKD) is needed. As the 
clinical management of early CKD by the national health insurance 
system in Taiwan has advanced, the progression of CKD to ESRD has 
slowed down (Chan et al., 2014). Although the urine dipstick shows a 
high false positive rate ranging between 50 % and 90 % in other coun
tries (Samal and Linder, 2013; White et al., 2011), our results never
theless showed that proteinuria was consistently associated with poor 
life expectancy among different age groups, and even in the group with a 
good eGFR. Therefore, urine dipstick screening still plays an important 
role in health management. However, confirmation by using quantita
tive protein analysis is recommended for further clinical management. 

Table 4 
Estimated years of life lost (YLL) and hazard ratio (HR) of abnormal renal function cohorts compared to matched normal renal function cohorts stratified by age, eGFR 
status and proteinuria in the studied population.      

YLL  HR 

Age eGFR Proteinuria Estimate (95 % C.I.) Estimate (95 % C.I.) 
[30,54] ≥ 60 –  Baseline  Baseline   

-/+ 3.46 (0.13, 6.88) 1.27 (0.87, 1.86)   
+,++,+++ 9.08 (5.18, 12.12) 2.02 (1.48, 2.76)  

< 60 – 2.04 (-0.09, 3.98) 1.39 (1.10, 1.77)   
-/+ 10.18 (4.31, 16.47) 2.28 (1.55, 3.34)   
+,++,+++ 17.86 (13.41, 20.36) 5.29 (3.97, 7.05) 

[55,64] ≥ 60 –  Baseline  Baseline   
-/+ 4.48 (3.12, 6.04) 1.75 (1.49, 2.06)   
+,++,+++ 9.01 (8.04, 10.11) 3.03 (2.49, 3.69)  

< 60 – 1.82 (1.23, 2.62) 1.31 (1.17, 1.45)   
-/+ 6.43 (4.87, 7.98) 2.12 (1.74, 2.59)   
+,++,+++ 12.55 (11.41, 13.78) 3.99 (3.34, 4.75) 

[65,79] ≥ 60 –  Baseline  Baseline   
-/+ 2.97 (2.28, 3.69) 1.46 (1.26,1.68)   
+,++,+++ 5.06 (4.30, 5.73) 2.02 (1.68,2.43)  

< 60 – 1.07 (0.62, 1.34) 1.16 (1.09,1.23)   
-/+ 4.87 (4.04, 5.54) 1.87 (1.65,2.12)   
+,++,+++ 8.31 (7.47, 9.13) 3.05 (2.62,3.55)  
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9. Conclusion 

Abnormal renal function shortens the estimated LE and is even worse 
in patients with proteinuria. Younger adults with abnormal renal func
tion might have a higher mortality risk and longer YLLs. Thus, active 
management of renal function and improved health behaviors may be 
beneficial for these patients. 

Disclosure 
Ethics approval and consent to participate 
Informed consent was obtained to authorize data processing and 

analysis. Ethical reviews were approved by the Institutional Review 
Board (IRB) of Biomedical Science Research, Academia Sinica (AS-IRB- 
BM-17044). Individually identifying data were removed and remained 
anonymous during the entire study. 

Availability of data and materials 
The data that support the findings of this study are available from the 

MJ Health Research Foundation and Ministry of Health and Welfare, 
Taiwan, but restrictions apply to the availability of these data, which 
were under approval for the current study and so are not publicly 
available. The linked data set used in this study had to be analyzed in 
person in the Health and Welfare Data Science Center, Ministry of 
Health and Welfare, Taiwan. 

Funding 
Funding: This research was supported by a grant from the Ministry of 

Science and Technology, Taiwan (MOST- 108–2628- 
M− 001− 008− MY3). 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

The authors do not have permission to share data. 

Acknowledgments 

We are grateful to the Health and Welfare Data Science Center, 
Ministry of Health and Welfare, Taiwan for providing administrative 
and technical support. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.pmedr.2022.102107. 

References 

Alizadeh, S., Ahmadi, M., Ghorbani Nejad, B., Djazayeri, A., Shab-Bidar, S., 2018. 
Metabolic syndrome and its components are associated with increased chronic 
kidney disease risk: Evidence from a meta-analysis on 11 109 003 participants from 
66 studies. Int J Clin. Pract:e13201.  

Austin, P.C., 2011. Optimal caliper widths for propensity-score matching when 
estimating differences in means and differences in proportions in observational 
studies. Pharmaceutical Statistics 10, 150–161. 

Chan, T.C., Fan, I.C., Liu, M.S.Y., Su, M.D., Chiang, P.H., 2014. Addressing Health 
Disparities in Chronic Kidney Disease. Int J Env Res Pub He 11, 12848–12865. 

Chang, Y.T., Wang, F., Huang, W.Y., Hsiao, H., Wang, J.D., Lin, C.C., 2021. Estimated 
Loss of Lifetime Employment Duration for Patients Undergoing Maintenance Dialysis 
in Taiwan. Clin J Am Soc Nephrol 16, 746–756. 

Chuang, Y.-H., Lin, I.-F., Lao, X.Q., Lin, C., Chan, T.-C., 2021. The Association Between 
Renal Function Decline and the Incidence of Urothelial Carcinoma: A 16-year 
Retrospective Cohort Study in Taiwan. European Urology Open Science 27, 1–9. 

Couser, W.G., Remuzzi, G., Mendis, S., Tonelli, M., 2011. The contribution of chronic 
kidney disease to the global burden of major noncommunicable diseases. Kidney 
international 80, 1258–1270. 

Hu T.H., 2019. The iSQoL2 Package for Windows. http://sites.stat.sinica.edu.tw/isqol/. 
Taipei, Taiwan. 

Hwang, J.S., Hu, T.H., 2020. Later-Life Exposure to Moderate PM2.5 Air Pollution and 
Life Loss of Older Adults in Taiwan. Int J Environ Res Public Health 17. 

Hwang, J.S., Hu, T.H., Lee, L.J.H., Wang, J.D., 2017. Estimating lifetime medical costs 
from censored claims data. Health Economics 26, e332–e344. 

Hwang, S.J., Tsai, J.C., Chen, H.C., 2010. Epidemiology, impact and preventive care of 
chronic kidney disease in Taiwan. Nephrology 15, 3–9. 

Kuo, S.C., Lin, C.N., Lin, Y.J., Chen, W.Y., Hwang, J.S., Wang, J.D., 2021. Optimal 
Intervals of Ultrasonography Screening for Early Diagnosis of Hepatocellular 
Carcinoma in Taiwan. JAMA Netw Open 4, e2114680. 

Levey, A.S., Stevens, L.A., Schmid, C.H., Zhang, Y., Castro III, A.F., Feldman, H.I., 
Kusek, J.W., Eggers, P., Van Lente, F., et al., 2009. A New Equation to Estimate 
Glomerular Filtration Rate. Annals of Internal Medicine 150, 604–612. 

R Core Team, 2019. R: A language and environment for statistical computing, 3.6 ed. R 
Foundation for Statistical Computing, Vienna, Austria.  

Saklayen, M.G., 2018. The Global Epidemic of the Metabolic Syndrome. Curr Hypertens 
Rep 20, 12. 

Samal, L., Linder, J.A., 2013. The Primary Care Perspective on Routine Urine Dipstick 
Screening to Identify Patients with Albuminuria. Clin J Am Soc Nephro 8, 131–215. 

Turin, T.C., Tonelli, M., Manns, B.J., Ravani, P., Ahmed, S.B., Hemmelgarn, B.R., 2012. 
Chronic kidney disease and life expectancy. Nephrology Dialysis Transplantation 27, 
3182–3316. 

Turin, T.C., Tonelli, M., Manns, B.J., Ahmed, S.B., Ravani, P., James, M., Hemmelgarn, B. 
R., 2013. Proteinuria and life expectancy. American Journal of Kidney Diseases 61, 
646–668. 

Wan, E.Y.F., Yu, E.Y.T., Chin, W.Y., Fong, D.Y.T., Choi, E.P.H., Tang, E.H.M., Lam, C.L. 
K., 2019. Burden of CKD and Cardiovascular Disease on Life Expectancy and Health 
Service Utilization: a Cohort Study of Hong Kong Chinese Hypertensive Patients. 
J Am Soc Nephrol 30, 1991–2199. 

Wan, E.Y.F., Chin, W.Y., Yu, E.Y.T., Wong, I.C.K., Chan, E.W.Y., Li, S.X., Cheung, N.K.L., 
Wang, Y., Lam, C.L.K., 2020. The Impact of Cardiovascular Disease and Chronic 
Kidney Disease on Life Expectancy and Direct Medical Cost in a 10-Year Diabetes 
Cohort Study. Diabetes Care 43, 1750–2178. 

Webster, A.C., Nagler, E.V., Morton, R.L., Masson, P., 2017. Chronic kidney disease. The 
Lancet 389, 1238–1252. 

Wen, C.P., Cheng, T.Y.D., Tsai, M.K., Chang, Y.C., Chan, H.T., Tsai, S.P., Chiang, P.H., 
Hsu, C.C., Sung, P.K., et al., 2008. All-cause mortality attributable to chronic kidney 
disease: a prospective cohort study based on 462 293 adults in Taiwan. The Lancet 
371, 2173–2182. 

Wen, C.P., Chang, C.H., Tsai, M.K., Lee, J.H., Lu, P.J., Tsai, S.P., Wen, C., Chen, C.H., 
Kao, C.W., et al., 2017. Diabetes with early kidney involvement may shorten life 
expectancy by 16 years. Kidney International 92, 388–396. 

White, S.L., Yu, R., Craig, J.C., Polkinghorne, K.R., Atkins, R.C., Chadban, S.J., 2011. 
Diagnostic Accuracy of Urine Dipsticks for Detection of Albuminuria in the General 
Community. Am J Kidney Dis 58, 19–28. 

Wu, T.Y., Chung, C.H., Lin, C.N., Hwang, J.S., Wang, J.D., 2018a. Lifetime risks, loss of 
life expectancy, and health care expenditures for 19 types of cancer in Taiwan. Clin 
Epidemiol 10, 581–591. 

Wu, J., Jia, J., Li, Z., Pan, H., Wang, A., Guo, X., Wu, S., Zhao, X., 2018b. Association of 
estimated glomerular filtration rate and proteinuria with all-cause mortality in 
community-based population in China: A Result from Kailuan Study. Sci Rep 8, 
2157. 

Wu, X., Tsai, S.P., Tsao, C.K., Chiu, M.L., Tsai, M.K., Lu, P.J., Lee, J.H., Chen, C.H., 
Wen, C., et al., 2017. Cohort Profile: The Taiwan MJ Cohort: half a million Chinese 
with repeated health surveillance data. Int J Epidemiol 46, 1744–1844. 

Xu, H., Matsushita, K., Su, G., Trevisan, M., Ärnlöv, J., Barany, P., Lindholm, B., 
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