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ABSTRACT
Objectives This study aimed to investigate the 
relationship between cardiovascular mortality in elderly 
Asians and decline in renal function.
Design A retrospective cohort study.
Setting Community- based health examination database 
from Taipei city.
Participants At the beginning, the database included 
315 045 health check- up visits of 97 803 elderly persons 
aged ≥65 years old from 2005 to 2012. After excluding 
missing values and outliers, there were 64 732 elderly 
persons with at least two visits retained for further 
analyses.
Primary outcome measures Kidney function indicators 
include estimated glomerular filtration rate (eGFR) 
and urine protein, and rapid decline in eGFR was 
defined as slope ≤ −5 mL/min/1.73 m2 per year. The 
endpoint outcome was defined as the cardiovascular 
deaths registered in the death registry encoded by the 
International Classification of Diseases. We applied a Cox 
proportional hazards model to analyse the association 
between renal function and cardiovascular mortality.
Results In this study, we found 1264 elderly persons died 
from cardiovascular diseases, for whom the data included 
4055 previous health check- up visits. We observed 
significant and independent associations of eGFR <60 mL/
min/1.73 m2 (HR (95% CI) of 60>eGFR≥45 and eGFR <45 
in males: 2.85 (1.33 to 6.09) and 3.98 (1.84 to 8.61); in 
females: 3.66 (1.32 to 10.15) and 6.77 (2.41 to 18.99)), 
positive proteinuria (HR (95% CI) of +/−, +,++ and +++, 
++++ in males: 1.51 (1.29 to 1.78) and 2.31 (1.51 to 
3.53); in females: 1.93 (1.54 to 2.42) and 4.23 (2.34 to 
7.65)) and rapid decline in eGFR (HR (95% CI) in males: 
3.24 (2.73 to 3.85); in females: 2.83 (2.20 to 3.64) with 
higher risk of cardiovascular mortality. The joint effect 
of increased concentration of urine protein and reduced 
eGFR was associated with a higher risk of cardiovascular 
mortality.
Conclusions Renal function and rapid decline in renal 
function are independent risk factors for cardiovascular 
mortality in the elderly.

INTRODUCTION
Chronic kidney disease (CKD) is a common 
disease among the elderly, and is defined 

as structural or functional abnormality 
of the kidney (glomerular filtration rate 
(GFR) <60 mL/min/1.73 m2, albuminuria 
or markers of kidney damage) for 3 months 
or more in clinical diagnosis.1 With ageing, 
the structure and physiology of the kidneys 
change, leading to decline in the functions 
of waste removal, maintenance of electrolyte 
balance and regulation of blood pressure. 
Hypertension, diabetes, long- term inflamma-
tion and urological diseases (such as prostate 
hypertrophy and urinary tract stones) are 
not only common chronic diseases in the 
elderly, but also common causes of deterio-
ration of renal function, and contribute to 
CKD progression.2 3 In addition, the elderly 
are a population at high risk for acute kidney 
injury because of physiological age- related 
changes or polypharmacy and drug toxicity,2 4 
and probably develop CKD in the context of 
incomplete repair of renal tubular epithe-
lial cells, glomerulosclerosis, ischaemia- 
reperfusion injury and fibrosis.5 6

Cardiovascular disease (CVD) is the leading 
cause of death worldwide, causing an esti-
mated 17.8 million deaths in 2017;7 approxi-
mately 1.4 million out of all CVD deaths are 
attributable to impaired renal function.8 

Strengths and limitations of this study

 ► A cohort study in a large and representative elderly 
population in Taiwan’s capital.

 ► Fills gaps in the relevant research on elderly Asians 
and considers the effect of gender.

 ► Our findings could provide an early warning to 
identify groups with a high risk of cardiovascular 
mortality.

 ► The proteinuria test uses urine test strips instead of 
the albumin- to- creatinine ratio.

 ► The results cannot extrapolate to the entire Asian 
elderly population.
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Clarifying the relationship between renal function and 
cardiovascular mortality is vital, so as to enable early inter-
vention to reduce the social and medical burden. Many 
studies have found evidence that CKD is an independent 
risk factor for CVDs and cardiovascular mortality and 
have suggested possible mechanisms for this.9–11 A joint 
effect of estimated GFR (eGFR) and proteinuria on the 
adverse outcomes has been proposed, and it is suggested 
that combining the two indicators of renal function 
provides a better estimation for the risk of cardiovascular 
mortality,12–14 especially in the elderly over 70.12 However, 
there are still studies which do not support this hypoth-
esis. Wang et al reported no significant association of the 
joint effect of eGFR and urinary albumin- to- creatinine 
ratio (ACR) with either all- cause or cardiovascular 
mortality among participants, non- institutionalised adults 
(18 years or older), of the China National Survey of CKD 
in China.15 In addition to affecting the prognosis of renal 
function,16–18 the magnitude of renal function decline 
(eGFR slope) is also related to the increased risk of 
cardiovascular events19 20 and cardiovascular mortality.21 22 
However, to the best of our knowledge, such epidemio-
logical studies are limited and have not yet included 
Asian elderly populations.

The objective of this study was to clarify the indepen-
dent relationship between the risk of CVD mortality 
among the elderly in Taiwan and their renal function and 
its decline. More specifically, the present study aimed to 
determine whether the eGFR, proteinuria and eGFR slope 
are independent risk factors of cardiovascular mortality, 
and examine the joint effect of eGFR and urine protein 
to propose a combination more suitable for predicting 
the cardiovascular mortality risk of the elderly in Taiwan.

METHOD
Study design and ethical statement
This research was designed as a retrospective longitu-
dinal cohort study based on an elderly health examina-
tion database. Participants were enrolled, with informed 
consent signed and submitted to Taipei City Govern-
ment, to record health examination data for research 
purposes. This database is linked to Taiwan’s National 
Death Registry from 2005 to 2012 by using the partici-
pants’ identification number and personal information 
encrypted by the data managers. Data were stored in the 
Taipei Geriatric Health Examination Database, and labels 
were deidentified before release.

Patient and public involvement
This study obtained secondhand data; participants did 
not receive feedback on the results and were not involved 
in the study.

Cohort description
This community- based cohort study used data from 
the Taipei City Elderly Health Examination Database. 
The study period covered 2005–2012. The Taipei City 

Government provides free annual elderly health exam-
inations in Taipei City. On average, around 42 000 elderly 
persons each year participate in the examinations, which 
accounts for 13% of the registered elderly population in 
Taipei City. All participants received a health examination 
once annually.

Selection of participants
At the beginning, the database included 315 045 health 
check- up visits of 97 803 elderly persons aged ≥65 years 
old from 2005 to 2012. The selection process is shown 
in figure 1. The renal function assessed by the estimated 
GFR (eGFR) is one of our important explanatory vari-
ables. We used the Berlin Initiative Research calculation 
formula, which is more suitable for evaluating the glomer-
ular filtration in the elderly. The formula is eGFR (mL/
min/1.73 m2)=3736× serum creatinine–0.87× (age)−0.95 
× (0.82 if female).23 Thus, we excluded data for visits 
without a serum creatinine test (visits=3844). Additionally, 
we excluded participants with abnormal eGFR (≥200 mL/
min/1.73 m2) (visits=27) and those with missing values for 
explanatory variables, including body mass index (BMI) 
(visits=1639), urine protein (visits=3359), smoking status 
(visits=663) and drinking status (visits=188). Further-
more, we excluded participants who had taken the health 
examination only once (persons=31 251) and those with 
erroneous data (with a date of death preceding the 
health check- up) (persons=8; visits=25). Finally, 64 732 
elderly persons and 274 049 visits were retained for 
further analyses. The endpoint outcome was defined as 
the cardiovascular deaths registered in the death registry 
encoded by the ninth or tenth revision (with death year 

Figure 1 Flow chart for selection of participants. BMI, body 
mass index; CVD, cardiovascular disease; eGFR, estimated 
glomerular filtration rate.
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after 2009) of the International Classification of Diseases 
(ICD- 9 or ICD- 10). The ICD- 9 codes are defined from 390 
to 459, and the ICD- 10 codes are defined in Chapter 9 
(cardiovascular system) of ICD- 10 (https://icd.who.int/ 
browse10/2008/en#/ IX). In this study, we found 1264 
elderly persons died from CVDs (4055 visits), 4002 died 
from non- CVD (13 014 visits) and 59 466 lived until the 
study end (256 980 visits).

Definition of explanatory variables
There are 10 explanatory variables used in the statistical 
analyses: (1) Age group: We coded participants aged 
older than 75 years old as 1, and those 65–74 years old 
as 0, (2) BMI: We classified BMI into six groups based 
on the suggestion from the Health Promotion Adminis-
tration, Ministry of Health and Welfare, Taiwan (https:// 
health99.hpa.gov.tw/OnlinkHealth/Onlink_BMI. 
aspx). We treated normal weight (18.5 kg/m2 ≤BMI < 
24 kg/m2) as the reference group. The remaining five 
groups are underweight (BMI <18.5 kg/m2), overweight 
(24 ≤BMI<27 kg/m2), slightly obese (27  ≤BMI<30 kg/
m2), moderately obese (30 ≤BMI<35 kg/m2), and severely 
obese (BMI ≥35 kg/m2), (3) History of heart disease: 
participants who fulfilled one of three criteria, including 
medical history of heart disease, regularly taking medi-
cine because of heart disease or reporting having heart 
disease, (4) History of hypertension: participants who 
fulfilled one of four criteria including high blood pres-
sure (systolic pressure ≥140 mm Hg or diastolic blood 
pressure ≥90 mm Hg), a history of hypertension, regularly 
taking medicine because of hypertension, or reporting 
having hypertension, (5) History of diabetes: participants 
who fulfilled one of four criteria including high fasting 
glucose (≥126 mg/dL), a history of diabetes, regularly 
taking medicine because of diabetes, or reporting having 
diabetes, (6) Smoking status: We classified smoking status 
into three groups, including non- smoking (as a refer-
ence), smoking occasionally and smoking every day, (7) 
Drinking status: We classified drinking status into two 
groups, including non- drinking (as a reference) and 
drinking, (8) eGFR class: We classified eGFR into four 
groups, including eGFR ≥90 mL/min/1.73 m2 (as a refer-
ence), 60 mL/min/1.73 m2 ≤eGFR < 90 mL/min/1.73 m2, 
45 mL/min/1.73 m2 ≤eGFR < 60 mL/min/1.73 m2, 
and eGFR <45 mL/min/1.73 m2, (9) eGFR Decline: We 
defined this as the mean rate of change in eGFR from first 
(baseline) to last visit in the follow- up for each participant 
[eGFR slope=3736× serum creatinine–0.87× (age)−0.95 × 
(0.82 if female)/years]. Then, eGFR decline was classified 
into two groups, including slope > −5 mL/min/1.73 m2/
year (as a reference) and slope ≤ −5 mL/min/1.73 m2/
year and (10) Urine protein: We classified this into three 
groups, including – (as a reference), (+/−, +, ++) and 
(+++ or ++++).

Statistical analyses
All analyses were performed with RStudio software 
V.1.2.5033 (2009–2019 RStudio). In the survival analysis, 

to evaluate the effects of multiple variables on cardiovas-
cular mortality (time to event), we applied the baseline 
Cox proportional hazards model. No participants in our 
data were lost or withdrew, so censoring only occurs when 
the participants lived until the study end (31 December 
2012) or when the participants died from causes other 
than the outcomes of interest. The cause- specific relative 
hazard and the subdistribution relative hazard approaches 
were used in competing risks analysis.24 The results from 
competing risk analysis were used as the sensitivity anal-
ysis. Since the data show the dates of death in year- month 
format, we input the middle day of the month as the date 
of death. For those participants who died in the same 
month as the date of the health check- up visit, we input 
the last day of the month as the date of death.25 The anal-
ysis was conducted separately by gender.

RESULTS
Among the included participants’ visits (table 1), the 
number of males (853) with cardiovascular deaths 
exceeded that of females (411). In the younger elderly 
participants (age 65–74), the females (22,675) outnum-
bered males (18,258). Among included participants, a 
much higher proportion of females were in this younger 
elderly group (72.68%), whereas males showed the oppo-
site pattern. In the underweight (<18.5), the females 
had proportions (3.96%) similar to that of the males 
(3.90%). The proportion of males (33.86%) was larger 
than females (29.82%) in the overweight (24≤BMI<27) 
group; on the other hand, the proportions of slightly 
obese (27≤BMI<30), moderately obese (30≤BMI< 35) and 
severely obese (BMI ≥35) were much higher in females 
(13.90%, 5.33%, 0.66%) than in males (12.54%, 3.52%, 
0.27%). The proportions having heart diseases (25.80%) 
and diabetes history (27.79%) were slightly higher in 
males. The proportion having hypertension history 
in females (74.90%) was almost the same as in males 
(74.62%). The proportions of non- smoking (96.92%) and 
non- drinking (90.51%) behaviours were much higher in 
females. In normal eGFR (eGFR ≥90) and slightly mildly 
decreased eGFR groups (90>eGFR≥60), the propor-
tion of females was higher (4.77%, 57.51%) than males 
(1.67%, 45.53%). However, in the mildly decreased eGFR 
group (60>eGFR≥45) and moderately decreased eGFR 
group (eGFR <45), the proportion of males was higher 
(41.40%, 11.40%) than females (29.42%, 8.30%). The 
females with eGFR decline (≤ −5) had a slightly higher 
proportion (14.30%) than the males (12.20%). Last, a 
much higher proportion of females were in the normal 
urine protein group (−) (86.78%), whereas males showed 
the opposite pattern.

The results of the adjusted Cox proportional hazards 
model are shown in table 2. Compared with the persons 
with eGFR >90 mL/min/1.73 m2, a significant higher risk 
of cardiovascular death was observed with eGFR 45–59 
(male: HR: 2.85, 95% CI: 1.33 to 6.09; female: HR: 3.66, 
95% CI: 1.32 to 10.15) and eGFR <45 mL/min/1.73 m2 
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(male: HR: 3.98, 95% CI: 1.84 to 8.61; female: HR: 6.77, 
95% CI: 2.41 to 18.99). The eGFR decline slope ≤ −5 
(male: HR: 3.24, 95% CI: 2.73 to 3.85; female: HR: 2.83, 
95% CI: 2.20 to 3.64), urine protein (+/−, +, ++, male: 
HR: 1.51, 95% CI: 1.29 to 1.78; female: HR: 1.93, 95% CI: 
1.54 to 2.42), and urine protein (+++, ++++, male: HR: 
2.31, 95% CI: 1.51 to 3.53; female: HR: 4.23, 95% CI: 2.34 

to 7.65) were associated with an increased risk of cardio-
vascular death. Additionally, age ≥75 years and having 
heart disease history were independent risk factors for 
cardiovascular death in both genders. The association 
between a history of hypertension and the risk of cardio-
vascular death was only significant in males. Furthermore, 
competing risk analysis determined that eGFR <90 mL/

Table 1 Characteristics of included participants’ visits stratified by gender

Variables
Male (n: 33 532)
Mean±SD/counts (%)

Female (n: 31 200)
Mean±SD/counts (%) P value

CVD deaths 853 (2.54) 411 (1.32) <0.001

Age

  65–74 18 258 (54.45) 22 675 (72.68) <0.001

   ≥75 15 274 (45.55) 8525 (27.32)

BMI

  18.5≤BMI<24 (normal) 15 390 (45.90) 14 452 (46.32) <0.001

  BMI <18.5 1308 (3.90) 1237 (3.96)

  24≤BMI<27 11 355 (33.86) 9305 (29.82)

  27≤BMI< 30 4205 (12.54) 4336 (13.90)

  30≤BMI< 35 1182 (3.52) 1664 (5.33)

  BMI≥35 92 (0.27) 206 (0.66)

Heart disease history 8651 (25.80) 7462 (23.92) <0.001

Hypertension history 25 023 (74.62) 23 369 (74.90) 0.424

Diabetes mellitus history 9317 (27.79) 8390 (26.89) 0.011

Smoking status

  Non- smoking 29 447 (87.82) 30 238 (96.92) <0.001

  Smoking occasionally 2250 (6.71) 585 (1.87)

  Smoking every day 1835 (5.47) 377 (1.21)

Drinking status

  Non- drinking 24 569 (73.27) 28 240 (90.51) <0.001

  Drinking 8963 (26.73) 2960 (9.49)

Creatine (mg/dL) 1.14±0.47 0.88±0.47 <0.001

eGFR category

  eGFR ≥90 561 (1.67) 1487 (4.77) <0.001

  90>eGFR≥ 60 15 266 (45.53) 17 943 (57.51)

  60>eGFR≥ 45 13 882 (41.40) 9180 (29.42)

  eGFR <45 3823 (11.40) 2590 (8.30)

eGFR decline

  Slope > −5 29 441 (87.80) 26 739 (85.70) <0.001

  Slope ≤ −5 4091 (12.20) 4461 (14.30)

Urine protein

  – 27 513 (82.05) 27 074 (86.78) <0.001

  +/–, +, ++ 5681 (16.94) 3962 (12.70)

  +++, ++++ 338 (1.01) 164 (0.53)

No of visits 4.35±2.02 4.11±1.93 <0.001

Duration of follow- up (years) 4.22±2.13 4.04±2.10 <0.001

Continuous variables are presented as mean±SD; category variables are expressed as a count (%).
BMI, body mass index; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate.
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min/1.73 m2, positive proteinuria and rapid decline in 
eGFR were associated with an increased risk of cardiovas-
cular mortality (online supplemental tables S1 and S2).

We stratified our participants into 12 groups based 
on different levels of renal function (eGFR ≥90, 
90>eGFR≥60, 60>eGFR≥45, eGFR <45) and different 
levels of urine protein ((–), (+/−, +, ++), and (+++ or 
++++)). Table 3 shows the joint effect of eGFR and urine 
protein with cardiovascular mortality different between 
genders. Compared with participants with normal renal 
function (eGFR ≥90 + urine protein (−)), those who 
met eGFR <60 mL/min/1.73 m2 or tested positive in 
urine protein had a significant increase in cardiovas-
cular mortality. When participants met both criteria, 
eGFR <60 mL/min/1.73 m2 and having proteinuria, the 
risk of cardiovascular mortality in males and females was 
significantly increased by more than three and six times, 
respectively.

Figure 2A–C shows that the survival curves estimated 
by the Cox proportional hazards model depends on 
different levels of renal function and different levels of 
urine protein. The worse urine protein and worse reduc-
tion in eGFR a participant had, the lower their proba-
bility of survival. Additionally, the survival probabilities 
among females were higher than those among males in 
all groups.

DISCUSSION
In this cohort study, we observed significant and inde-
pendent associations of a lower eGFR level, an elevated 
level of protein in urine, and a rapid past decline in eGFR 
with with higher risk of cardiovascular mortality. The 
joint effect of increased concentration of urine protein 
and reduced eGFR was associated with a lower survival 
probability.

Table 2 The estimated risks of cardiovascular deaths from explanatory variables by gender

Variables

Male Female

HR

95% CI

HR

95% CI

LCI UCI LCI UCI

Age (65–74 as a reference)

  Age ≥75 2.93 2.48 3.46 4.95 3.91 6.26

BMI (18.5≤BMI< 24 as a reference)

  BMI <18.5 1.14 0.83 1.58 1.49 0.99 2.25

  24≤BMI< 27 0.84 0.72 0.98 0.87 0.69 1.10

  27≤BMI< 30 0.90 0.72 1.12 0.89 0.65 1.20

  30≤BMI< 35 0.93 0.64 1.36 1.17 0.79 1.74

  BMI≥35 1.40 0.51 3.83 1.19 0.44 3.26

Having heart disease history 1.45 1.26 1.67 1.57 1.28 1.93

Having hypertension history 1.23 1.04 1.46 0.96 0.76 1.22

Having diabetes mellitus history 1.00 0.86 1.16 1.04 0.84 1.28

Smoking status (non- smoking as a reference)

  Smoking occasionally 0.87 0.62 1.21 0.76 0.31 1.87

  Smoking every day 1.04 0.79 1.35 0.94 0.42 2.11

Drinking status (non- drinking as a reference)

  Drinking 0.95 0.81 1.11 0.78 0.53 1.13

Renal function (eGFR ≥90 as a reference)

  90>eGFR≥ 60 1.91 0.90 4.06 2.43 0.89 6.64

  60>eGFR≥ 45 2.85 1.33 6.09 3.66 1.32 10.15

  eGFR <45 3.98 1.84 8.61 6.77 2.41 18.99

eGFR decline (slope > −5 as a reference)

  Slope ≤ −5 3.24 2.73 3.85 2.83 2.20 3.64

Urine protein (− as a reference)

  +/−, +, ++ 1.51 1.29 1.78 1.93 1.54 2.42

  +++, ++++ 2.31 1.51 3.53 4.23 2.34 7.65

BMI, body mass index; eGFR, estimated glomerular filtration rate; LCI, lower 95% confidence interval; UCI, upper 95% confidence interval.
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Decreased GFR and persistent proteinuria are markers 
of kidney damage, and are associated with an increased 
risk of cardiovascular mortality.9 12 13 Our findings indicate 
that testing positive for proteinuria is an independent risk 
factor for cardiovascular mortality in our participants, and 
this is more evident in females than in males. The results 
of this study are consistent with previous studies, although 
the latter were not conducted in Asian populations.26 27 The 
eGFR <60 mL/min/1.73 m2 is an independent risk factor for 
cardiovascular mortality in our participants, and was more 
prominent in females than in males. However, the results 
are different from other studies. Zambon et al found that 
all participants (Italian population aged 65 years and older) 
with eGFR <60 mL/min/1.73 m2 had an increased risk of 
cardiovascular mortality, although this was not significant 
in men (HR 2.13, 95% CI 0.84 to 5.42) and women (HR 
1.73, 95% CI 0.92 to 3.27) separately.27 A longitudinal study 
showed the eGFR <45 mL/min/1.73 m2 is an independent 
risk factor for cardiovascular mortality in the community- 
based elderly population (65–75 years old) in Japan, and 
analysis by gender showed that the HR of cardiovascular 
mortality is more evident in males (HR 3.14, 95% CI 1.50 
to 6.94) than in females (HR 1.48, 95% CI 0.41 to 4.19).28 
However, they did not include eGFR slope in their analysis. It 
is speculated that the difference in results is partially affected 
by the magnitude of eGFR decline between men and women. 
In addition, obesity not only is a risk factor for CKD but is 
also associated with increased risk of cardiovascular events 
and cardiovascular mortality, which may involve adipose 
tissue promoting several metabolic disorders and cardiac 
structure change caused by haemodynamic alterations.29–31 
Females have a higher proportion of obesity than males in 
this study population (table 1), which may result in the risk 

of cardiovascular mortality being more significant in females 
than in males. In addition, the joint effect of impaired eGFR 
and proteinuria on high risk of cardiovascular mortality has 
been reported in the elderly,27 but the difference in sex has 
not been analysed yet.

Urinary protein excretion not only reflects localised 
subclinical renal disease but also a more generalised 
vascular endothelial dysfunction.32 Proteinuria is linked to 
higher high- sensitivity troponin T, a vascular micronecrosis 
marker;33 and C reactive protein, an inflammation marker.34 
These results indicate that proteinuria is related to endothe-
lial dysfunction. Oestrogen has vasodilatory effects and long- 
term actions that inhibit the response to vascular injury and 
prevent atherosclerosis.35 In an elderly population, without 
oestrogen protection, females with proteinuria may have 
higher risk of cardiovascular mortality than males.

As far as we know, only a study by Nerpin et al has shown 
that the combination of urinary albumin excretion rate and 
cystatin C- based eGFR is beneficial to improve the predic-
tion of cardiovascular mortality in elderly men.36 In our 
study, the effect of a combination of increased urine protein 
concentration and reduced eGFR was associated with a lower 
survival probability. Participants with both eGFR <60 mL/
min/1.73 m2 and positive urine protein showed a higher 
risk of cardiovascular mortality compared with participants 
with normal renal function, and this was more prominent in 
females than in males.

Rapid decline in renal function is a risk factor for cardiovas-
cular mortality. Rifkin et al found an association between the 
change of eGFR >3 mL/min/1.73 m2/year and elevated risk 
for all- cause and cardiovascular mortality in older adults.22 
Sumida et al also showed that rapid decline of eGFR (slopes 
of <−5 mL/min/1.73 m2/year) is associated with higher 

Table 3 The joint effect of eGFR and urine protein with cardiovascular mortality

Variables

Cardiovascular mortality

Male Female

HR (95% CI) P value HR (95% CI) P value

eGFR ≥90 + urine protein (−) Ref – Ref –

90>eGFR≥60+ urine protein (−) 1.93 (0.79 to 4.71) 0.148 2.84 (0.90 to 9.00) 0.076

60>eGFR≥45+ urine protein (−) 2.92 (1.19 to 7.15) 0.019 4.14 (1.29 to 13.3) 0.017

eGFR <45+ urine protein (−) 3.80 (1.53 to 9.46) 0.004 6.88 (2.10 to 22.5) 0.001

eGFR ≥90+ urine protein (+/−, +, ++) 1.57 (0.30 to 8.08) 0.591 3.27 (0.34 to 31. 5) 0.305

90>eGFR≥60+ urine protein (+/−, +, ++) 2.85 (1.14 to 7.10) 0.025 4.72 (1.44 to 15.5) 0.011

60>eGFR≥45+ urine protein (+/−, +, ++) 4.18 (1.68 to 10.4) 0.002 7.72 (2.36 to 25.2) <0.001

eGFR <45+ urine protein (+/−, +, ++) 6.70 (2.65 to 17.0) <0.001 16.8 (5.04 to 56.1) <0.001

eGFR ≥90+ urine protein (+++, ++++)* – – – –

90>eGFR≥ 60+ urine protein (+++, ++++) 5.02 (1.53 to 16.5) 0.008 7.43 (1.49 to 37.0) 0.014

60>eGFR≥45+ urine protein (+++, ++++) 5.71 (1.94 to 16.8) 0.002 17.0 (4.03 to 71.8) <0.001

eGFR <45+ urine protein (+++, ++++) 10.6 (3.43 to 32.68) <0.001 55.9 (12.3 to 254) <0.001

Adjusted for age, BMI, heart disease history, hypertension history, diabetes mellitus history, smoking, drinking and eGFR decline.
*Only three men were in this state, and they were merged into the group of eGFR ≥90+ urine protein (+/−, +, ++) for analysis.
eGFR, estimated glomerular filtration rate.
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all- cause and cardiovascular mortality in advanced CKD of 
veterans in the USA.37 To the best of our knowledge, no study 
provides results on gender effects, but it has been proposed 
that males have poor prognosis of kidney diseases.38–40 Our 
results suggest that the risk of cardiovascular mortality in 
elderly men and women who had rapid decline in renal func-
tion (eGFR decline <-5 mL/min/1.73 m2/year) was, respec-
tively, 2.24 and 1.83 times more than their counterparts.

The advantage of our study is that this is a cohort study 
of elderly persons in Taipei, a major city in Taiwan, which 
is a large and representative population. In addition, 
there have been only limited studies discussing cardio-
vascular mortality’s relationship to both renal function 
and the magnitude of renal function decline in elderly 
Asians; we contribute to filling this gap and also analysed 

the effect of gender. However, the limitations of our study 
should be noted. First, our results cannot extrapolate to 
the entire Asian elderly population, but the results can 
still be used as a reference for the generalised elderly 
population. Second, we were unable to obtain a better 
proteinuria index—ACR. ACR is calculated by dividing 
the concentration of urine albumin by the concentration 
of urine creatinine to eliminate the dilution or concen-
tration effect caused by hydration, which is a more objec-
tive evaluation of the amount of albumin in urine.41 The 
proteinuria test in the database used a (semiquantitative) 
urine test strip to estimate the amount of proteinuria by 
valence (−, +/−, +, 2+, 3+ and 4+), which is not as accurate 
as the (quantitative) microalbumin test, and there were 
no data available on urine creatinine to calculate ACR. 

Figure 2 Plots of survival curves which applied Cox proportional hazards model to estimate males’ and females’ survival 
depends on different levels of renal function and different levels of urine protein. (A) It shows the survival probability under 
different levels of renal function when the protein in urine is negative. (B) It shows the survival probability under different levels of 
renal function when the protein in urine is +/−, + or ++. (C) It shows the survival probability under different levels of renal function 
when the protein in urine is +++ or ++++. eGFR, estimated glomerular filtration rate.
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However, the urine test strip is the most common tool for 
preliminary screening of proteinuria. Our findings could 
provide an early warning to identify groups with a high 
risk of cardiovascular mortality.

CONCLUSIONS
With routine and simple indicators from health examina-
tions, renal function and urine protein can be a sensitive 
indicator for reducing the mortality risk of the elderly.
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Table S1. The estimated risks of factors associated with cardiovascular deaths by gender (sdRH model) 

Variables 

Male Female 

HR 95% CI HR 95% CI 

 LCI UCI  LCI UCI 

Age (65-74 as a reference) 

   age ≥ 75 2.58 2.36 2.83 3.18 2.81 3.61 

BMI (18.5 ≤ BMI< 24 as a reference) 

   BMI < 18.5 1.38 1.17 1.63 1.29 1.00 1.67 

   24 ≤ BMI < 27 0.92 0.84 1.00 0.95 0.83 1.09 

   27 ≤ BMI < 30 0.86 0.76 0.97 0.93 0.78 1.11 

   30 ≤ BMI < 35 0.99 0.81 1.21 1.01 0.79 1.29 

   BMI ≥ 35 1.44 0.80 2.60 1.27 0.72 2.25 

Having heart disease history 1.05 0.96 1.14 1.07 0.94 1.22 

Having hypertension history 0.95 0.87 1.03 0.97 0.84 1.11 

Having diabetes mellitus history 1.12 1.04 1.22 1.20 1.06 1.36 

Smoking status (non-smoking as a reference) 

   smoking occasionally 0.97 0.89 1.05 1.18 0.77 1.81 

   smoking every day 1.09 0.94 1.25 1.25 0.84 1.86 

Drinking status (non-drinking as a reference) 

   drinking 0.97 0.89 1.05 1.03 0.85 1.26 

Renal function ( eGFR ≥ 90 as a reference) 

   90 > eGFR ≥ 60 1.94 1.26 2.98 1.61 1.03 2.52 

   60 > eGFR ≥ 45 2.85 1.85 4.39 2.41 1.53 3.81 

   eGFR < 45 4.03 2.60 6.24 4.02 2.50 6.44 

eGFR Decline (slope > -5 as a reference) 

   slope ≤ -5 2.83 2.56 3.12 2.73 2.36 3.17 

Urine protein (- as a reference) 

   +/-, +, ++ 1.37 1.25 1.50 1.55 1.35 1.79 

   +++, ++++ 1.88 1.46 2.42 2.84 1.89 4.26 
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Table S2. The estimated risks of factors associated with cardiovascular deaths by gender (csRH model) 

Variables 

Male Female 

HR  95% CI HR  95% CI 

  LCI UCI  LCI UCI 

Age (65-74 as a reference) 

   age ≥ 75 2.63 2.40 2.87 3.24 2.86 3.67 

BMI (18.5 ≤ BMI< 24 as a reference) 

   BMI < 18.5 1.39 1.18 1.64 1.31 1.02 1.70 

   24 ≤ BMI < 27 0.91 0.84 0.99 0.95 0.83 1.09 

   27 ≤ BMI < 30 0.86 0.76 0.97 0.92 0.77 1.10 

   30 ≤ BMI < 35 0.98 0.80 1.20 1.01 0.79 1.30 

   BMI ≥ 35 1.46 0.84 2.51 1.26 0.71 2.24 

Having heart disease history 1.06 0.98 1.15 1.08 0.95 1.23 

Having hypertension history 0.95 0.87 1.04 0.97 0.84 1.11 

Having diabetes mellitus history 1.12 1.04 1.22 1.20 1.06 1.36 

Smoking status (non-smoking as a reference) 

   smoking occasionally 1.06 0.90 1.25 1.18 0.77 1.78 

   smoking every day 1.08 0.94 1.25 1.24 0.83 1.85 

Drinking status (non-drinking as a reference) 

   drinking 0.97 0.89 1.05 1.03 0.85 1.25 

Renal function ( eGFR ≥ 90 as a reference) 

   90 > eGFR ≥ 60 1.98 1.29 3.02 1.63 1.04 2.53 

   60 > eGFR ≥ 45 2.93 1.91 4.50 2.45 1.56 3.86 

   eGFR < 45 4.20 2.72 6.49 4.14 2.60 6.61 

eGFR Decline (slope > -5 as a reference) 

   slope ≤ -5 2.96 2.69 3.27 2.80 2.42 3.24 

Urine protein (- as a reference) 

   +/-, +, ++ 1.39 1.27 1.52 1.59 1.38 1.83 

   +++, ++++ 1.95 1.53 2.50 3.04 2.05 4.52 
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