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Table 2| Patient characteristics and BP values according to the BP classification by gender

Women (n=142,293)

Men (n=89,732)

Optimal  Prehypertension Prehypertension Prehypertension  Prehypertension
BP with normal with high-normal Hypertension Optimal BP with normal with high-normal Hypertension
(n=51,715) BP (n=36,182) BP (n=27,348) (n=27,048) P-value (n=23,759) BP (n=23,012) BP (n=19,199) (n=23,762) P-value
Age, years 58.8110.2 62.7 184 644175 64.8+7.2 <0.001 59.0%10.7 61.0+10.1 629193 63.0+838 <0.001
Body mass index, kg/m?  21.4%29 22.2%3.1 227 %32 23.2%35 <0.001 225+28 233129 23.6%3.0 240+37 <0.001
Obesity, n (%) 6775 (13.1) 7349 (20.3) 6863 (25.1) 8371 (30.9) <0.001 5256 (22.1) 7168 (31.1) 6689 (34.8) 9590 (40.4)  <0.001
Current smoker, n (%) 4852 (9.4) 2234 (6.2) 1488 (5.4) 1338 (4.9) <0.001 7953 (33.5) 6562 (28.5) 5071 (26.4) 6560 (27.6)  <0.001
Daily drinker, n (%) 4594 (8.9) 3120 (8.6) 2350 (8.6) 2407 (8.9) 033 8059 (33.9) 9428 (41.0) 8713 (45.4) 11,824 (49.8) <0.001
eGFR, ml/min per 1.73m? 77.8%£15.9 769159 76.1%157 75.8%+158  <0.001 7811165 770+ 16.1 76.1%16.0 7601164  <0.001
CKD, n (%) 5619 (10.9) 4204 (11.6) 3540 (12.9) 4046 (15.0)  <0.001 3303 (13.9) 3582 (15.6) 3475 (18.1) 4923 (20.7)  <0.001
Stage 1 and 2, n (%) 864 (1.7) 672 (1.9) 650 (2.4) 1046 (3.9) <0.001 729 (3.1) 799 (3.5) 814 (4.2) 1467 (6.2) <0.001
Stage 3, n (%) 4774 (9.2) 3516 (9.7) 2874 (10.5) 2983 (11.0)  <0.001 2565 (10.8) 2775 (12.1) 2652 (13.8) 3438 (14.5)  <0.001
Stage 4, n (%) 11 (0.02) 16 (0.04) 16 (0.05) 17 (0.06) <0.001 9 (0.03) 8 (0.03) 9 (0.04) 18 (0.07) <0.001
Proteinuria (=1+), n (%) 1040 (2.0) 812 (2.2) 796 (2.9) 1300 (4.8) <0.001 872 (3.7) 1003 (4.4) 1013 (5.3) 1915 (8.1) <0.001
BP measurement
Systolic BP, mm Hg 107+8 12314 133+4 149+12 <0.001 109%7 123+4 13214 148113 <0.001
Diastolic BP, mm Hg 6517 737 77%7 85+10 <0.001 6717 7516 79+7 8810 <0.001

Abbreviations: BP, blood pressure; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.
Data are expressed as the means + SD or percentage. Obesity was defined as body mass index (BMI) 25 kg/m? and CKD was defined as eGFR <60 ml/min per 1.73 m? and/or
presence of proteinuria (>1+). The proteinuria number in each column includes all stage 1/2 patients plus a few in stage 3/4.
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Patients number
Women 51,715 36,182 27,348 27,048
Men 23,759 23,012 19,199 23,762

Figure 1|Prevalence of chronic kidney disease according to
the blood pressure (BP) classification in women (white bar)
and men (black bar). The gender difference in the prevalence of
chronic kidney disease increased in accordance with the severity
of BP classification. Chronic kidney disease was defined as
estimated glomerular filtration rate (eGFR) <60 mi/min per
1.73m? and/or the presence of proteinuria (=1+).

The prevalence of CKD and/or proteinuria (>1+) paral-
leled the severity of BP classification in both genders
(Figure 1). The gender difference of CKD became greater
and more prominent with increasing severity of BP
classification.

Using multiple logistic regression analysis, the odds ratio
for the presence of CKD was estimated. Hypertension
was significantly associated with CKD in both genders.
In contrast, only in men, but not in women, prehypertension
with high-normal BP was significantly associated with an
increased risk of CKD even after adjustment for confounders,
such as age, obesity, current smoking, and daily drinking
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(Table 3). We also reanalyzed the results of Table 3 after
adjusting for serum glucose, triglyceride, high-density
lipoprotein, and low-density lipoprotein levels: these factors
had no influence on the association between prehypertension
with high-normal BP and CKD in men (data not shown).

Lifestyle factors, obesity, and CKD

Obesity was positively associated with CKD in both genders,
and eGFR was significantly decreased in the subjects with
obesity compared with those without obesity (76.1+16.2
versus 77.1 +16.0ml/min per 1.73m% P<0.001). When we
reanalyzed the risk of CKD conferred by obesity in either the
subjects with low eGFR (<60 ml/min per 1.73 m?) or the
subjects with proteinuria (>1+), the conclusion remained
unchanged (data not shown). In contrast, daily drinking was
inversely associated with CKD in both genders. Additional
analysis of the subgroup of subjects for whom daily alcohol
intake data were available (n=70,416 men and n=75,416
women) revealed that the inverse association between daily
drinking and CKD was consistent regardless of the amount of
daily intake (=23 g of ethanol or <23 g of ethanol) in men
(odds ratio (95% confidence interval, CI): 0.77 (0.73-0.80)
and 0.89 (0.84-0.95), respectively; both P<0.001); in women,
the inverse association between daily drinking and CKD was
found only in those with a daily intake of <23 g of ethanol
(odds ratio (95% CI): 0.91 (0.84-0.99); P=0.03).

In women, current smoking status was positively asso-
ciated with CKD. In contrast, among men, current smoking
was inversely associated with CKD; that is, male current
smokers had a significantly higher level of eGFR than current
non-smokers (mean (95% CI) of eGFR: 79.0 (78.8-79.2)
versus 75.9 (75.8-76.1)ml/min per 1.73m?% P<0.001).
In contrast, there was no significant difference in eGFR
between female current smokers and non-smokers (mean
(95% CI) of eGFR: 77.0 (76.7-77.3) versus 76.9
(76.8-77.0) ml/min per 1.73 m* P=0.45). When we reana-
lyzed the association of current smoking with the presence
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Table 3| Odds ratio (95% confidence interval) for CKD by gender

Women (n=142,293)

Odds ratio

Men (n=89,732)

Odds ratio

(95% confidence interval) P-value (95% confidence interval) P-value

Age, 10 years 1.39 (1.37:1.42) <0.001 1.82 (1.78:1.87) <0.001
Obesity (0=no, 1=yes) 1.26 (1.22:1.31) <0.001 1.43 (1.38:1.49) <0.001
Current smoker (0=no, 1=yes) 1.34 (1.26:1.43) < 0.001 0.90 (0.86:0.94) <0.001
Daily drinker (0=no, 1=yes) 0.92 (0.86:0.98) 0.006 0.78 (0.76:0.81) <0.001
BP classification®

Optimal BP 1 (Reference) 1 (Reference)

Prehypertension with normal BP 0.95 (0.91:1.00) 0.03 1.01 (0.96:1.07) 0.60

Prehypertension with high-normal BP 1.02 (0.97:1.06) 0.54 1.11 (1.05:1.17) <0.001

Hypertension 1.17 (1.12:1.23) <0.001 1.32 (1.25:1.38) <0.001

Abbreviations: BP, blood pressure; CKD, chronic kidney disease.

Obesity was defined as body mass index (BMI) =25 kg/m?. BP classification was defined as follows: optimal BP, systolic blood pressure (SBP) < 120 mm Hg and diastolic blood
pressure (DBP) <80 mm Hg; prehypertension with normal BP, SBP 120~129 mm Hg and/or 80-84 mm Hg; prehypertension with high-normal BP, SBP 130-139 mm Hg and/or
DBP 85-89 mm Hg; hypertension, SBP>>140 mm Hg and/or DBP > 90 mm Hg. Statistical significance was defined as P<0.05.

°BP classification: Odds ratio was adjusted for age, obesity, current smoking, and daily drinking.

of proteinuria, there was a positive association between
current smoking and proteinuria in both genders (odds ratio
(95% CI): 1.47 (1.38-1.56) in men and odds ratio (95% CI):
1.89 (1.15-3.11) in women; both P<0.001).

Effect of obesity on the association between CKD and

BP classification

Among subjects without hypertension (n= 181,215), the risk
of CKD conferred by prehypertension with high-normal
BP increased when these conditions were accompanied by
obesity (=25 kg/mz) in men (Figure 2a), but not in women
(Figure 2b). Accordingly, we examined whether or not there
was an interaction between obesity and prehypertension with
high-normal BP on CKD risk among subjects without
hypertension. Using a multivariable logistic regression
analysis, we showed that there was an additive effect,
but not a synergistic one, of obesity and prehypertension
with high-normal BP on CKD risk in men (data not shown).
Furthermore, we also examined whether there was an interac-
tion between obesity and hypertension (> 140/90 mm Hg) on
CKD risk among all subjects (n=232,025). The results
showed that there was no synergistic interaction in either
gender (data not shown).

DISCUSSION

Prehypertension and CKD

In this nationwide study of 232,025 Japanese aged 20 years or
older, we have demonstrated the prevalence of CKD across
the diagnostic spectrum of BP classification. In the present
study, the prevalence of CKD was 17.0% in men and 12.2%
in women. The prevalence was lower than a previous
Japanese report,” because the present study excluded treated
hypertensive patients. In particular, we focused on the
prevalence of CKD among subjects with prehypertension
(16.7% in men and 12.2% in women). The prevalence of
CKD among subjects with prehypertension with high-
normal BP was greater in men than in women (18.1% versus
12.9%), and prehypertension with high-normal BP was an
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Figure 2 |Logistic regression analysis of chronic kidney
disease risk among subjects without hypertension. The odds
ratio (95% confidence interval) of chronic kidney disease risk in
subjects with or without obesity and/or prehypertension with
high-normal blood pressure (BP) is shown in men (a) and women
(b). The analysis was adjusted for age, current smoking, and daily
drinking. Chronic kidney disease was defined as estimated
glomerular filtration rate (€GFR) <60 ml/min per 1.73 m? and/or
the presence of proteinuria (>1+). *P<0.001 versus group

(1) and TP<0.001 versus group (3).
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independent risk factor for CKD in men, but not in women,
even after adjustment for confounders.

Evidence is accumulating that prehypertension, and parti-
cularly a high-normal BP range, is associated with a variety
of cardiovascular diseases and cardiovascular-associated and
all-cause mortality;ls‘17 however, information about the
association of prehypertension with CKD is scarce in Japan.'®
Much as in other previous reports worldwide,"* " older age,
higher prevalence of men, and obesity or obesity-related
metabolic abnormalities were more prevalent in subjects with
prehypertension than those with optimal BP (Table 2). These
characteristics could partly explain the cardiovascular risk of
prehypertesion;'>™ however, our data show that the associa-
tion between CKD and prehypertension with high-normal BP
in men is independent of these confounders.

The increased risk of CKD among prehypertensive
subjects with high-normal BP was recognized only in men;
this means that the parallel increase of CKD in accordance
with the level of severity of BP begins at an earlier phase in
men than in women. This gender difference cannot be fully
explained by the gender differences in metabolic factors or BP
itself. It is speculated that it may be related to gender-specific
differences in glomerular structure, hemodynamic condition,
activity of local cytokines and hormones, gene expression,
and/or the effects of sex hormones on kidney cells.”"’

As shown in several previous reports,'®"* hypertension
(>140/90 mm Hg) is a clear risk factor for CKD in both the
genders. In the present study, we excluded 84,854 subjects
who had been treated with anti-hypertensive medication, and
included 50,810 subjects who had never been treated with
anti-hypertensive medication. This exclusion rate suggests
that about a quarter of hypertensive subjects have not been
treated for their condition. This proportion is substantially
improved as compared with a previous report,”® but more
health promotion to increase awareness and treatment of
hypertension is still considered necessary.

Obesity, BP, and CKD

Obesity is an independent risk factor for CKD both in men
and women (Table 3). Intriguingly, our data indicate that the
risk of CKD conferred by prehypertension with high-normal
BP in men increased when these conditions were accom-
panied by obesity (Figure 2a). There was an additive effect of
obesity and prehypertension with high-normal BP on CKD
risk in men.

Obesity-associated glucose and lipid abnormalities could
partly explain the increased risk of CKD in obesity.2""**
However, our data show that the increased risk of CKD
conferred by obesity was independent of these confounders,
although there was some lack of data on glucose and lipid
parameters. There remain several other possible explanations
for the risk of obesity. First, unmeasured obesity-associated
factors, such as insulin resistance, inflammatory and
oxidative stress, and abnormal adipocytokine production,
may be involved in the increased risk of CKD in obesity.*>*
Second, obesity has a fairly consistent effect on renal
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hemodynamics, suggestive of glomerular hypertension.***®

At an early phase, obesity is associated with an elevated GFR
with a less pronounced increase, or even a decrease, in
effective renal plasma flow, resulting in an increased filtration
rate. This alteration, that is, a predominant decrease
in afferent rather than efferent glomerular tone in obese
subjects, may confer enhanced renal susceptibility toward
damage when BP increase is superimposed.***> Obesity-
induced hyperfiltration, if continued for a certain period, can
cause a decline in GFR, which may be one of the reasons why
our data showed that obese subjects had a lower eGFR than
nonobese subjects in both genders.

Lifestyle factors and CKD

Lifestyle factors, such as smoking and drinking, are also
important contributors to CKD.?® In the present study, an
inverse association between CKD and current smoking was
found (Table 3), despite the fact that several previous studies
have identified smoking as an important risk factor in the
promotion and progression of renal dysfunction in healthy
subjects or those with complications.””*® Our study is a
cross-sectional study, and thus there may have been artifacts
due to the observation of sick subjects after they have
changed their lifestyles. However, the effects of smoking on
eGER are still controversial.?”?**° In fact, we observed that
male current smokers had a higher eGFR than male non-
smokers, whereas no such association was found in women.
On the other hand, our present results agree with previous
reports;””*® in that we found a positive association between
smoking and proteinuria in both genders, suggesting the
possibility that smoking causes endothelial dysfunction,
partly through an inflammatory or oxidative pathway.”®*
It was also unexpected that there was an inverse association
between the BP increase and the prevalence of current
smoking (Table 2); this may have been attributable to one of
the following: (1) Some of the smokers in the hypertensive
group may have had knowledge that they were hypertensive,
and may have ceased to smoke on the advice of their
physicians. (2) There may have been a so-called survival
effect, as smokers who develop hypertension were more likely
to have died and thus not to have been included in the
cross-sectional study. (3) Daytime BP under daily activity
would likely be more elevated in smokers compared with
non-smokers, even when there is no difference in the clinical
or office BP between them (i.e., masked hypertension is more
prevalent in smokers).”!

Evidence on the association between CKD and alcohol
intake has been scarce. We found that subjects with a daily
drinking habit had a lower likelihood of CKD compared with
those who had no alcohol intake. We could not assess the
kinds or total amount of alcohol; therefore, to discuss this
issue is beyond the scope of the present research. Further
investigation with prospective or lifestyle interventional
studies, such as smoking cessation studies, are warranted
to better elucidate the impact of smoking or drinking on
renal outcomes.
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Several limitations of our study should be mentioned.
First, we cannot infer a cause-effect relationship based on our
cross-sectional data. Second, only a single measurement
of serum creatinine, as well as only a single assessment of
proteinuria, is not fully accurate, and thus there may be an
underestimation of the true association between CKD and BP
level. Third, subjects who participated in the present survey
were generally healthy individuals who were interested
in their health; therefore, the prevalence of prehyperten-
sion/hypertension or CKD may have been underestimated.
Finally, little is known about the cost-effectiveness
of screening male subjects with prehypertension and
high-normal BP range for CKDj; therefore, an additional
study is needed to identify the most appropriate populations
to undergo CKD screening.

CONCLUSION

Using a nationwide Japanese database, we show an increased
prevalence of CKD across the diagnostic spectrum of
hypertension. Among men, even in the state of prehyperten-
sion, high-normal BP, particularly when in conjunction with
obesity, was an independent risk factor for CKD. Considering
the fact that the prevalence of CKD and the incidence of
end-stage renal disease are increasing in Japanese men,”®’
these data have important clinical implications; as CKD is
often asymptomatic but progressive, more attention must be
paid to men and women with hypertension or obesity and
to men even with high-normal BP for the early detection and
prevention of CKD, or to delay the progression to renal
failure.

MATERIALS AND METHODS
Study population
The methods of the study are detailed in the Supplementary
Information section online. Briefly, based on a recent survey that
showed that obesity and metabolic syndrome are not uncommon in
Japan (http://www-bm.mhlw.go.jp/houdou/2008/04/h0430-2.html),
the Japanese government started a new health-care strategy that
targeted early diagnosis and intervention for metabolic syndrome
from 2008 (Specific Health Checkups and Guidance System
(Tokutei-Kensin)). In this new health-care system, people diagnosed
with metabolic syndrome are obligated to receive repeated lifestyle
guidance over a 6-month period after an annual health examination.
Thirteen of the prefectures participating in this nationwide
project (Yamagata, Miyagi, Fukushima, Niigata, Tokyo, Kanagawa,
Ibaraki, Osaka, Okayama, Kochi, Fukuoka, Miyazaki, and Okinawa)
agreed on our study purpose and were included in the present
analysis. The population surveyed included a total of 346,942
subjects (41% (1= 141,938) were men) above 20 years of age, for
whom all the data necessary for our research purposes were
available—namely, information about age, gender, BP, body mass
index, habitual smoking or drinking, use of anti-hypertensive drugs,
previous history of cardiovascular diseases (i.e., cardiac disease and
stroke), and data about the serum creatinine level and dipstick urine
test for proteinuria. This study was granted ethics approval from the
respective institutional review boards. Data were sent to an
independent data center called the NPO Japan Clinical Research
Support Unit, and verified by trained staff.
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Baseline measurement

At the baseline examination, all subjects completed a self-
administered questionnaire about lifestyle factors (current smoking
status, daily drinking), and provided medical information
on treatment with anti-hypertensive drugs and a previous history
of cardiac disease or stroke. The study physicians performed a
physical examination of each subject and rechecked their medical
history to improve the precision of the information.

According to the recommendations of the Ministry of Health,
Labor and Welfare (http://www.mhlw.go.jp/bunya/shakaihosho/
iryouseido01/info03a.html), BP was measured by trained observers
using a standard sphygmomanometer or an automated device on
the right arm after resting for 5min in a seated position with the
legs not crossed. Conversation and alcohol/caffeine consumption
should also be avoided before measurement. Subjects were classified
according to their BP level as follows: optimal BP (systolic BP/
diastolic BP<120/80 mm Hg), prehypertension® that comprises
normal BP (systolic BP 120129 mm Hg, diastolic BP 80-84 mm Hg
or both) and high-normal BP (systolic BP 130~139 mm Hg, diastolic
BP 85-89 mm Hg or both), and treated or untreated hypertension
(systolic BP/diastolic BP >140/90mmHg or usage of anti-
hypertensive medication),*?

Body height and weight were measured in light clothing without
shoes, and the body mass index was calculated (kg/m?). According
to the Japan Society for the Study of Obesity,** obesity was defined
as a body mass index>25 kg/m?.

Blood samples were collected after an overnight fast and were
assayed within 24h. For the purpose of our study, there were
no missing data on the serum creatinine level, but there was a
substantial lack of data on the glucose and lipid parameters
(Supplementary Table SI online). Freshly voided urine samples were
tested by the dipstick methods in all subjects. Proteinuria was
defined as 1+ or more.

Definition of CKD
Serum creatinine was assayed by an enzymatic method. eGFR was
derived using the following equation:

eGFR (ml/min per 1.73m?) =194 x age (years) >?*” x serum
creatinine (mg/dl)~"%** (if women x 0.739).%°

Details about this equation are also shown in the Supplementary
Information section. CKD was defined as either the presence of
proteinuria or eGFR<60ml/min per 1.73m’ The clinical stages
of CKD were classified according to the recommendations of the
National Kidney Foundation Kidney Disease Outcomes Quality
Initiative guidelines®®: Stage 1 or 2 (eGFR>60 ml/min per 1.73 m*
and the presence of proteinuria), Stage 3 (eGFR 30-59 ml/min
per 1.73m?), Stage 4 (eGFR 15-29 ml/min per 1.73 m?), and Stage 5
(eGFR < 15ml/min per 1.73 m?).

Statistical analysis

All statistical analyses were performed with the SPSS version 18.0]
software (SPSS, Chicago, IL). The differences of patient character-
istics and BP values according to the BP classification were assessed
using analysis of variance, and categorical parameters were
compared with the y*-test. As there is a significant gender difference
in the prevalence of CKD, we examined the association between
CKD and the severity of BP classification separately in men and
women. The odds ratio and 95% CI of each BP classification group
(optimal BP group (reference) versus prehypertension with normal
BP, prehypertension with high-normal BP, and untreated hyperten-
sion group) were calculated for the presence of CKD by multiple
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logistic regression analysis. Finally, we used a multivariable logistic
regression analysis to examine the effect of obesity on the association
between CKD and BP classification, as well as whether or not
there was an interaction between obesity and prehypertension with
high-normal BP on CKD risk. Statistical significance was defined as
P<0.05.
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Lower estimated GFR and higher albuminuria
are associated with adverse kidney outcomes.
A collaborative meta-analysis of general

and high-risk population cohorts
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Both a low estimated glomerular filtration rate (eGFR) and
albuminuria are known risk factors for end-stage renal
disease (ESRD). To determine their joint contribution to ESRD
and other kidney outcomes, we performed a meta-analysis of
nine general population cohorts with 845,125 participants
and an additional eight cohorts with 173,892 patients, the
latter selected because of their high risk for chronic kidney
disease (CKD). In the general population, the risk for ESRD
was unrelated to eGFR at values between 75 and 105 ml/min
per 1.73m? but increased exponentially at lower levels.
Hazard ratios for eGFRs averaging 60, 45, and 15 were 4, 29,
and 454, respectively, compared with an eGFR of 95, after
adjustment for albuminuria and cardiovascular risk factors.
Log albuminuria was linearly associated with log ESRD risk
without thresholds. Adjusted hazard ratios at albumin-to-
creatinine ratios of 30, 300, and 1000 mg/g were 5, 13, and
28, respectively, compared with an albumin-to-creatinine
ratio of 5. Albuminuria and eGFR were associated with ESRD,
without evidence for multiplicative interaction. Similar
associations were found for acute kidney injury and
progressive CKD. In high-risk cohorts, the findings were
generally comparable. Thus, lower eGFR and higher
albuminuria are risk factors for ESRD, acute kidney injury and
progressive CKD in both general and high-risk populations,
independent of each other and of cardiovascular risk factors.
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This is the third in a series of four manuscripts to report
the results of collaborative meta-analyses of estimated GFR
(eGFR) and albuminuria on outcomes of chronic kidney
disease (CKD) undertaken by the CKD Prognosis Con-
sortium. These analyses were undertaken in conjunction
with the 2009 Controversies Conference sponsored by Kidney
Disease Improving Global Outcomes (KDIGO) to evaluate
the current definition and classification of CKD and
proposed alternatives.! The report of the Consensus
Conference is included in this issue of Kidney International.’

Widespread implementation of the definition and classi-
fication of CKD, as proposed by Kidney Disease Outcomes
Quality Initiative (KDOQI) in 2002 and subsequently
endorsed by KDIGO in 2004, has promoted increased
attention to CKD in clinical practice, research, and public
health.’® It has also generated substantial debate about the
appropriateness of recommending the same GFR thresholds
for people of all ages, the optimal level of albuminuria for
diagnosing kidney damage, and about the value of the 5-stage
classification system based on eGFR without consideration of
albuminuria.”™" It was the position of KDOQI and KDIGO
that a comprehensive analysis of mortality and kidney
outcomes according to eGFR and albuminuria was needed
to answer key questions underlying the debate."?

Until recently, most of the data on kidney outcomes were
from studies of patients with later stages of CKD rather than
from general population cohorts or cohorts at increased risk for
CKD."*™ Reports from the general population and high-risk
cohorts focused mainly on all-cause and cardiovascular
mortality,'**° with fewer data available on kidney out-
comes.”?* In this manuscript, we describe a collaborative
meta-analysis of nine general population and eight high-risk
cohorts. The outcomes reported in this manuscript include
kidney failure treated by dialysis or transplantation (end-stage
renal disease (ESRD)) or coded on the death certificate. In
addition, we also included acute kidney injury, because it is
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increasingly recognized as a major cause for” and consequence
of CKD,** and kidney disease progression, based on fast eGFR
decline (progressive CKD), because of its clinical importance
and potential to lead to ESRD or other complications.

Other papers in this series deal with all-cause and
cardiovascular mortality in general population cohorts and
high-risk cohorts.*>*® This report describes the kidney
outcomes from these cohorts. A fourth manuscript reports
mortality and kidney outcomes in CKD cohorts.”” A priori
we hypothesized that both eGFR and albuminuria would be
associated with these outcomes, independent of traditional
cardiovascular risk factors and independent of each other,
and despite inclusion of diverse study populations.

RESULTS

Study and population characteristics

Of the nine general population cohorts (845,125 subjects),
five had data on albumin-to-creatinine ratio and four on
dipstick. Of the eight high-risk cohorts (173,892 subjects),
five had data on albumin-to-creatinine ratio and three
on dipstick (Table 1). Acronyms and abbreviations for studies
included in the current report are given in Supplementary
Web appendix Table S1 online. Subjects in the high-risk
cohorts were more often male, and these cohorts had a higher
prevalence of cardiovascular risk factors than did the general
population cohorts. Moreover, the high-risk cohorts gen-
erally had a lower eGFR and higher albumin-to-creatinine
ratio. Not all cohorts had data on all kidney outcomes. There
were a total of 2179, 4939, and 11,144 participants who
developed ESRD, acute kidney injury, and progressive CKD,
respectively. The incidence rates for the kidney outcomes

Table 1| Characteristics of included studies

were two- to sixfold higher in the high-risk cohorts compared
with the general population cohorts (1.83 versus 0.31 for
ESRD, 4.88 versus 2.21 for acute kidney injury, and 18.44
versus 7.55 events per 1000 person-years for progressive
CKD, respectively) (Supplementary Web appendix Tables
S1-4 online, respectively). A total of 13.7% of the subjects of
general population cohorts with albumin-to-creatinine ratio
data had CKD according to the current definition (eGFR
<60ml/min per 1.73m* or albumin-to-creatinine ratio
>30mg/g) (Supplementary Web appendix Table S5 online).
This subgroup accounted for 88.6% of ESRD events
(Supplementary Web appendix Table S6 online), 61.5% of
acute kidney injury events (Supplementary Web appendix
Table S7 online), and 76.7% of subjects with progressive CKD
(Supplementary Web appendix Table S8 online).

Independent continuous associations of eGFR and
albuminuria with kidney outcomes

Pooled hazard ratios of ESRD according to eGFR and
albuminuria adjusted for each other and covariates in the
general population cohorts and the high-risk cohorts are
shown in Figure 1. ESRD risk was relatively constant between
an eGFR of 75 and 120 ml/min per 1.73 m?, and was
exponentially greater at lower eGFR. In the general popula-
tion cohorts, eGFR risk association with ESRD showed
hazard ratios at eGFR 60, 45, and 15 ml/min per 1.73 m? of
3.69 (2.36-5.76), 29.3 (19.544.1), and 454.9 (112.4-1840.2),
respectively. The relationship of albumin-to-creatinine ratio to
the relative risk of ESRD was monotonic on the loglog scale,
without threshold effects. As compared with albumin-to-
creatinine ratio 5 mg/g, hazard ratios for ESRD at albumin-to-

Age, Male, Black, CVD, HT, HC, DM, Smoking, eGFR, ml/min  ACR, FU, ESRD, AKl, pCKD,
N year % % % % % % % per 1.73m? mg/g Year n n n
General population cohorts with ACR data 147 427 173
ARIC 11,408 62.8 442 222 86 476 345 16.7 14.9 82.5 37 8.0 92 363 —
AusDiab 11,240 51.5 449 0 83 327 70.6 8.4 15.5 789 49 5.0 — — 72
CHS 3230 78.0 402 159 293 501 31.0 147 7.6 79.4 8.8 7.6 — 64 —
HUNT2 9525 62.0 44.8 0 225 825 61.3 17.6 19.7 83.8 7.5 10.5 55 — —
MESA 6728 62.2 472 275 0.0 448 9.0 126 13.0 812 53 4.7 _ 101
General population cohorts with dipstick data 713 3438 4624
AKDN UDIP 690,680 47.4 451 NA 1.8 202 NA 6.1 NA 80.9 — 23 478 3438 4475
Beaver Dam 4926 62.0 43.9 0 148 505 539 10.3 19.7 76.2 — 11.6 — —_ 149
Okinawa 83 6659 51.9 395 NA NA NA NA 3.8 NA 739 — 16.8 61 — —
Okinawa 93 93,234 54.6 436 NA NA NA NA 4.7 NA 773 — 6.9 174 — —_
High-risk cohorts with ACR data 740 1074 4935
ADVANCE 11,140 65.8 57.5 NA 322 822 330 100 151 78.2 15.9 4.8 59 - 822
AKDN ACR 67,406 555 56.8 NA 50 468 NA 49.0 NA 76.8 1.1 23 19 1013 1572
ONTARGET 25,620 66.4 733 25 92 NA* NA* 375 12.6 73.6 522 45 162 61 1914
Pima 6341 264 454 0 NA 129 4.2 204 278 144 11.9 13.5 328 — 273
TRANSCEND 5926 66.9 57 1.8 925 NA* NA* 357 9.8 717 253 4.6 — —_ 354
High-risk cohorts with dipstick data 579 e 1412
CARE 4098 58.6 87.2 32 100 829 79.0 14.2 16.1 719 — 4.8 — — 124
Hawaii 40,210 59.0 50.4 NA 17.0 NA NA 48.0 13.6 71.5 — 24 331 — 1288
MRFIT 12,851 46.2 100 31.3 00 623 57.1 3.1 63.7 79.7 — 216 248 — —

Abbreviations: ACR, albumin-to-creatinine ratio; AKI, acute kidney injury; CVD, cardiovascular disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; ESRD,
end-stage renal disease; FU, duration of follow-up; HC, hypercholesterolemia; HT, hypertension; NA, not available; pCKD, progressive chronic kidney disease.
NA* in ONTARGET and TRANSCEND, respectively, a history of hypertension was reported by 69 and 76%, and statin use by 62 and 55%.
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Figure 1|Pooled hazard ratios (95% confidence interval) for
ESRD according to spline eGFR (upper panels) and albumin-
to-creatinine ratio (lower panels), adjusted for each other and
for age, sex, and cardiovascular risk factors (continuous
analyses). Reference categories are eGFR 95 ml/min per 1.73m?
and albumin-to-creatinine ratio 5mg/g or dipstick negative or
trace. Left panels show results for general population cohorts,
and right panels for high-risk cohorts. Dots represent statistical
significance, triangles represent non-significance, and shaded
areas are 95% confidence interval. ACR, albumin-to-creatinine
ratio; AKI, acute kidney injury; eGFR, estimated glomerular
filtration rate; ESRD, end-stage renal disease; GP cohorts, general
population cohorts; HR, hazard ratio; HR cohorts, high-risk
cohorts.

creatinine ratios of 30, 300 and 1000mg/g were 4.87
(2.30-10.3), 13.4 (5.49-32.7), and 28.4 (14.9-54.2), respectively.
These patterns for ESRD in the high-risk cohorts were similar
to the general population cohorts (Figure 1). The patterns for
acute kidney injury and progressive CKD were generally similar
to the patterns for ESRD, although less steep (Supplementary
Web appendix Figures S1, S2 online).

Interactions

The multiplicative interaction between eGFR and albumi-
nuria was significant for ESRD in only 1 out of 8 cohorts, for
acute kidney injury in 3 out of 5 cohorts, and for progressive
CKD in 4 out of 11 cohorts (Supplementary Web appendix
Table S9 online). Significant interaction between eGFR and
age was found for ESRD in only 1 out of 9 cohorts, for acute
kidney injury in 3 out 5 cohorts, and for progressive CKD in
4 out of 11 cohorts (Supplementary Web appendix Table S9
online). Age interactions tended to show lower hazard ratios
at older age, but a similar pattern of the associations of eGFR
and albumin-to-creatinine ratio with the various kidney
outcomes (Supplementary Web appendix Tables S$10-12
online). The eGFR x albumin-to-creatinine ratio interaction
can be visually assessed in graph 2. At low eGFR, the hazard
ratio of higher albumin-to-creatinine ratio tended to be less

Kidney International (2011) 80, 93-104

Table 2| General population cohorts

Albumin-to-creatinine ratio (mg/g) or dipstick (classes)

<10 10-29 30-299 >300
Negative  Trace (1+) (=24) All
ESRD
eGFR ml/min per 1.73m?
>105 0.13 0.75
90-104 0.05 0.57
75-89 0.11 235
6074 . . 1 0.27 266 ‘
4559 0.12 0.77 144 5.13 0.34
3044 1.03 1.55 9.15 27.07 4,02
15-29 37.69 1284 42.99
All 1.61 14.9 0.31
Acute kidney injury
eGFR ml/min
>105 | 3.55 7.57
90-104 3.04 573
75-89 345 5.86
60-74 . 6.46 13.77
45-59 4.73 21.40 36.08
30-44 24.49 52.09 76.62
15-29 92.93 109.6
All 10.15 26.26
Progressive CKD
eGFR mi/min per 1.73 m?
>105 - 1.56 12.60
90-104 272 7.02
75-89 525 25.21
60-74 . . . 16.80 47.50
4559 23.91 31.91 63.61 135.1 28.78
30-44 37.53 54.60 8227 177.5 55.37
1529 55.36 82.08 178.9 77.14
All b W 2593 89.59 7.55

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration
rate; ESRD, end-stage renal disease.

Unadjusted incidence rates (per 1000 patient-years) for ESRD, acute kidney injury,
and progressive CKD. Shaded areas make up the combined reference groups.

than at high eGFR for ESRD as well as for acute kidney
injury, but not for progressive CKD.

Joint associations of eGFR and albuminuria with kidney
outcomes

As the albumin-to-creatinine ratio and the dipstick cohorts
showed similar relationships between eGFR and albuminuria
with ESRD, these two type of cohorts were combined to
increase power for investigation of the joint associations of
eGFR and albuminuria with kidney outcomes, both in
general population and in high-risk cohorts (Supplementary
Web appendix Figure S3 online). Table 2 shows unadjusted
incidence rates of the three kidney outcomes for general
population cohorts. Pooled hazard ratios/odds ratios for
ESRD, acute kidney injury, and progressive CKD of the 21
categories of eGFR and albuminuria for the general
population cohorts are shown in Tables 3 and 4. Low eGFR
showed a similar association with risk across all levels of
albuminuria, and high albuminuria showed a similar
association with risk across all levels of eGFR, indicating
multiplicative independent risk for kidney outcomes. At
severely reduced eGFR values (15-29 ml/min per 1.73 m?),
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Table 3 | General population cohorts

Albumin-to-creatinine ratio (mg/g) or dipstick {classes)

<10 Negative 10-29 Trace 30299 (1+) >300 (=2+) All
ESRD
eGFR ml/min per 1.73m?
>105 7.8 (1.7-35.9) 18.1 (4.3-75.9)
90-104 11.3 (2.747.7) 19.7 (5.8-66.5)
7589 3.8 (1.2-12.3) 48.1 (28.1-82.3)
60-74 7.4 (3.6-15.2) 67.2 (40.1-113) .
4559 5.2 (3.3-8.0) 21.8 (12.0-39.6) 40.3 (23.5-69.2) 147 (98.7219) 9.6 (7.0-13.2)
3044 55.5 (36.0-85.6) 74.1 (29.3-187) 293 (199-433) 763 (563-1035) 98.1 (61.8-156)
1044 (524-2077) 1056 (572-1948) 2286 (1114-4695) 573 (241-1362)

0

1529 433 (239-787)

All

Acute kidney injury

eGFR ml/min per 1.73m?
>105
90-104
75-89
60-74
45-59
30-44
1529

All

2.2 (2.0-2.5)
7.3 (6.58.2)
16.8 (14.0-20.2)

16.8 (11

0

Progressive CKD
eGFR ml/min per 1.73m?

>105

90-104

75-89

60-74 .

45-59 3.1 (1.6-6.0) 4.0 (1.9-8.8)

30-44 3.0 (1.2-7.5) 19.1 (19.0-19.2)

1529 4.0 (3.94.0) 11.7 (11.6-11.9)
All i Re i .

4.9 (3.3-7.3)
10.2 (5.9-17.5)
3-25.1)

. 120(7948.0)

2.7 (0.9-8.5)
24 (1.1-5.2)
2.5(1.93.4)
3.3 (2.64.1)
6.3 (4.8-84)
12.4 (10.2-15.2)
21.4 (16.5-27.8)
2.5(1.73.7)

0.7 (0.7-0.8)
0.9 (0.4-2.1)
1.9 (0.6-5.6)
3.2 (14-7.5)
9.4 (3.7-23.7)
14.9 (2.8-78.5)
21.0 (4.5-99.5)
3.1 (2.53.8)

72.1 (43.0-121)

8.4 (5.1-13.8)
5.8 (3.79.2)
4.1 (2.8-5.9)
6.4 (5.0-8.2)
5.9 (2.4-14.5)
19.6 (16.5-23.2)
28.8 (23.7-35.1)
6.0 (4.5-8.0)

3.0 (0.4-23.7)
3.3 (0.5-23.3)
5.0 (0.9-27.1)
8.1 (5.2-12.8)
56.6 (4.2-767.6)
22.2 (4.8-103.6)
7.7 (2.9-20.6)
11.2 (5.8-21.5)

26 (22-3.1)
7.9 (7.1-8.7)
16.7 (14.7-18.9)

139(197.8)
3.7 (1.1-123)
7.9 (3.021.2)

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; Ref, reference.
Pooled adjusted hazard ratios (95% confidence interval) for ESRD and acute kidney injury, and pooled adjusted odds ratios (95% confidence interval) for progressive

CKD. Shaded areas make up the combined reference groups.

Table 4| General population cohorts

Albumin-to-creatinine ratio (mg/g) or dipstick (classes)

<10 Negative 10-29 Trace 30-299 (1+) =300 (=2+4) All
ESRD, younger than 65 years of age

eGFR ml/min per 1.73m?
>105 12.4 (2.3-66.8) 28.6 (6.5-127)
90-104 14.2 (3.3-61.0) 13.8 (1.9-101.2)
75-89 5.8 (1.4-24.2) 65.2 (37.3-114)
60-74 5.6 (2.0-15.7) 87.3 (32.3-236) .
45-59 3.1 (1.1-8.3) 31.8 (14.3-70.5) 55.4 (29.6-103) 261 (112-610) 9.5 (5.6-15.9)
30-44 101 (54.8-187) 293 (69.3-1236) 272 (107-693) 828 (443-1545) 110 (49.6-245)
15-29 999 (493-2023) 3897 (1717-8845) 2398 (1247-4609) 5081 (2736-9435) 1281 (556-2952)

All 13.7 (8.821.3) 124 (60.2-257)

ESRD, older than 65 years of age

eGFR ml/min per 1.73m?
> 105 0.0 (0.0-c0) 0.0 (0.0~c0)
90-104 0.0 (0.0-o0) 0.0 (0.0-o0)
75-89 0.0 (0.0~o0) 0.0 (0.0-o0) ,
60-74 . 6.6 (1.6-27.2) 18.8 (5.3-67.1) 0 .
45-59 3.4 (1.6-7.2) 9.6 (3.8-24.4) 16.4 (5.9-45.9) 414 (8.0-215) 4.5 (3.0-6.8)
30-44 11.5 (6.0-22.1) 18.1 (3.83-85.9) 90.8 (48.3-171) 268 (157-458) 42.1 (28.7-61.7)
15-29 131 (62.7-274) 115 (33.8-389) 413 (222-768) 1071 (645-1779) 186 (92.9-372)

All

Abbreviations: eGFR, estimated glomerular filtration rate; ESRD, end-stage renal dise

| 10.3 (6.0-17.8)

47.5 (27.2-82.9)

ase; Ref, reference.

Pooled adjusted hazard ratios (95% confidence interval) for ESRD subdivided for age groups <65 and >65 years of age. Shaded areas make up the combined

reference groups.
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Figure 2| Pooled adjusted hazard ratios or odds ratios
(95% confidence interval) for ESRD (upper panels), acute
kidney injury (middle panels), and progressive chronic kidney
disease (lower panels) according to eGFR and albuminuria
based on continuous models with eGFR (splines), albuminuria
(log-linear albumin-to-creatinine ratio or categorical dipstick),
and their interaction terms. Hazard ratios are adjusted for age,
sex, and cardiovascular risk factors. Reference category is eGFR
95 ml/min per 1.73 m? plus albumin-to-creatinine ratio 5mg/g or
dipstick negative or trace. Left panels shows results for general
population cohorts, and right panels for high-risk cohorts.
Dots represent statistical significance, triangles represent non-
significance, and shaded areas are 95% confidence interval. In this
figure, albuminuria is treated categorically. Black lines and blue
shading represent an albumin-to-creatinine ratio <30mg/g or
dipstick negative or trace, green lines and green shading an
albumin-to-creatinine ratio 30-299 mg/g or dipstick 1+, and red
lines and red shading an albumin-to-creatinine ratio >300mg/g
or dipstick >2+. AKI, acute kidney injury; eGFR, estimated
glomerular filtration rate; ESRD, end-stage renal disease; GP
cohorts, general population cohorts; HR, hazard ratio; HR cohorts,
high-risk cohorts; OR, odds ratio; pCKD, progressive chronic
kidney disease.

the risk associated with higher albuminuria was attenuated.
The patterns were much steeper (that is, risk increased more
rapidly with increasing albuminuria) for ESRD than for acute
kidney injury and progressive CKD (Tables 3 and 4). Figure 2
shows the continuous analyses (allowing interaction) of the
hazard ratios/odds ratios of eGFR and albuminuria for ESRD,
acute kidney injury, and progressive CKD, respectively.

Kidney International (2011) 80, 93-104

Table 5 | High-risk cohorts

Albumin-to-creatinine ratio (mg/g) or dipstick (classes)

<10 1029 30299 >300
Negative Trace (1+) (=24) All
ESRD
eGFR ml/min per 1.73m?
>105 1.22 6.52
90-104 0.22 0.39 5.00 0.45
75-89 0.30 4.56
60-74 0.36 777
45-59 0.25 0.36 1.65 13.38 1.44
3044 1.56 242 433 29.80 7.35
1529 1.57 12.78 20.93 133.0 60.98
All 0.31 1.41 25.72 1.83
Acute kidney injury
eGFR ml/min per 1.73 m?
>105 299 5.54
90-104 1.41 3.35 543 225
75-89 3.09 9.92
60-74 6.06 13.73
45-59 2.28 8.00 13.42 29.03 8.07
3044 11.20 17.76 36.70 52.09 27.63
1529 25.74 48.66 69.90 104.7 73.94
All 233 9.08 26.59 4.88
Progressive CKD
eGFR ml/min per 1.73 m?
>105 443 27.52
90-104 5.51 5.75 14.44 7.97
75-89 8.59 30.90
60-74 19.01 68.77
45-59 23.75 37.88 57.67 1471 43.84
30-44 33,55 35.35 64.99 160.3 65.65
1529 12.44 43.16 58.43 209.3 103.3
All 10.40 25.96 105.0 18.44

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration
rate; ESRD, end-stage renal disease.

Unadjusted incidence rates (per 1000 patient-years) for ESRD, acute kidney injury,
and progressive CKD. Shaded areas make up the combined reference groups.

Similar data are given for cohorts at high risk for CKD
(Tables 5, 6 and 7). The patterns for ESRD were less steep in
the high-risk cohorts (Table 6) compared with the general
population cohorts (Table 3), whereas the patterns for acute
kidney injury and progressive CKD were similar in the
general population cohorts and high-risk cohorts.

Joint associations of eGFR and albuminuria with kidney
outcomes per age group

The overall incidence rates for the kidney outcomes were three-
to ninefold higher in the subgroup of subjects with age >65
years compared with the subgroup with age <65 years
(Supplementary Web appendix Tables S2-4 online, respectively).
Pooled hazard ratios for ESRD of the 21 categories of eGFR and
albuminuria according to age group are shown in Table 4 for
the general population cohorts and in Table 5 for the high-risk
cohorts. The general pattern of higher risk for a lower eGFR
independent of albuminuria level and of a higher albuminuria
independent of eGFR level was observed in both age groups.
However, in general, relative hazards were smaller among
participants >65 years of age than among participants <65
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Table 6 | High-risk cohorts

Albumin-to-creatinine ratio (mg/g) or dipstick (classes)

<10 Negative 10-29 Trace 30-299 (1+4) >300 (=2+) All
ESRD
eGFR mi/min per 1.73m?
> 105 1.1 (0.8-1.6) 2.0 (0.9-4.5)
90-104 23 (1.0-5.4) 10.0 (2.147.2)
75-89 1.7 {0.9-3.3) 17.3 (4.0-74.9)
60-74 ‘ L 3.1 (1.8-5.3) 32.2 (11.8-87.8)
45-59 2.7 (1.74.3) 3.8 (1.9-7.5) 14.5 (6.3-33.1) 55.5 (17.9-173) 5.7 (1.7-4.3)
3044 23.4 (11.0-49.5) 33.4 (12.9-86.4) 56.0 (20.0-157) 139.8 (35.6-549) 27.4 (11.0-49.5)
1529 32.6 (4 3—249) 387 (86.9-1725) 462.7 (31.6-6780) 166 (52.4-524)

All

Acute kidney injury

eGFR ml/min per 1.73m?

>105
90-104
75-89
60-74
45-59
30-44
1529
All

Progressive CKD

eGFR mi/min per 1.73m?

>105
90-104
75-89
60-74
45-59
30-44
1529
All

1.7 (1.22.5)

8.0 (5.4-11.8)
123 (54-27.8)
iR

.

30 (2.1-44)
33 (2.7-4.)
0.5 (0.4-0.7)

308 (97.0-979)

3.5 (2.64.7)
7.5 (5.3-10.6)
1.6 (0.0-c0)

48 (3.7-6.2)
34 (2.5-4.7)
3.1 (1.27.7)

43 (2.6-7.1)

22(1.24.2)
2.1 (1.3-3.4)
1.8 (1.3-2.5)
2.8 (1.4-5.6)
6.6 (5.2-8.5)
14.3 (11.2-18.3)
25.3 (18.235.3)
27 (2.23.4)

0.6 (0.5-0.8)
0.9 (0.7-1.2)
1.0 (0.8-1.1)
2.8 (1.3-6.1)
10.1 (4.9-20.8)
9.8 (6.3-15.3)
9.4 (5.3-16.6)
2.2 (1.92.7)

38.1 (15.6-93.5)

3.8 (1.2-12.0)
3.4 (1.4-8.3)
5.2 (3.2-8.6)
6.3 (43-9.2)
13.0 (9.7-17.3)
26.9 (12.3-58.8)
13.7 (0.0-c0)
7.4 (5.5-9.8)

4.7 (0.3-69.4)
3.5 (0.5-26.0)
3.5 (2.5-5.0)
9.3 (6.0-14.4)
314 (16.1-61.5)
68.7 (57.6-81.9)
38.6 (15.7-94.8)
9.9 (6.7-14.5)

3.0 (2.5-3.5)
10.6 (5.2-21.9)
16.8 (13.5-20.9)

47 (33-6.8)
6.4 (4.3-9.7)
8.9 (4.8-16.7)

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; Ref, reference.
Pooled adjusted hazard ratios (95% confidence interval) for ESRD and acute kidney injury, and pooled adjusted odds ratios (95% confidence interval) for progressive CKD.

Shaded areas make up the combined reference groups.

Table 7 | High-risk cohorts

Albumin-to-creatinine ratio (mg/g) or dipstick (classes)

<10 Negative 10-29 Trace 30-299 (1+4) =300 (=2+) All
ESRD, younger than 65 years of age
eGFR mi/min per 1.73m*
>105 1.1 (0.8-1.7) 1.4 (0.9-3.6)
90-104 2.6 (1.0-6.9) 10.5 (2.0-55.3)
75-89 1.7 (0.8-3.8) 16.3 (2.3-119)
60-74 4.0 (2.0-7.7) 39.0 (10.3-148)
45-59 24 (14-4.2) 5.3 (2.3-12.2) 16.9 (4.7-60.5) 66.9 (20.1-222) 7.0 (4.3-11.6)
30-44 15.9 (1.9-133) 73.6 (20.5-264) 90.9 (27.6-299) 161 (26.3-989) 33.9 (14.6-78.9)
1529 # 656 (172-2507) 792 (210-2982) 998 (105-9455) 223 (69.9-709)

All

ESRD, older than 65 years of age

eGFR ml/min per 1.73m?

> 105
90-104
75-89
60-74
45-59
3044
15-29
All

28 (1.17.2)
16.1 (6.7-38.8)

25.0 (3.2-196)

g
B,

1.8 (0.5-6.4)
18.1 (7.5-43.6)
175 (42.5-718)

4.5 (2.4-8.5)

0.0 (0.0-c0)
0.0 (0.0-c0)
1.9 (0.6-5.9)
1.7 (0.6-4.7)
10.0 (5.5-18.1)
243 (9.3-634)
125 (43.0363)
4.1 (2.5-6.8)

43.8 (16.4-117)

20.6 (2.4-173)
15.5 (2.0-122)
16.2 (3.1-84.6)
20.7 (9.4-45.8)
31.2 (10.9-89.5)
92.7 (46.3-186)
506 (158-1620)
43.3 (13.0-145)

3.8 (2.5-5.8)

20.7 (14.0-30.6)
146.6 (46.3-464)

Abbreviations: #, insufficient number of events for reliable estimates; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; Ref, reference.
Pooled adjusted hazard ratios (95% confidence interval) for ESRD subdivided for age groups <65 and >65 years of age. Shaded areas make up the combined

reference groups.
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years of age (Supplementary Web appendix Table S10 online).
Similar findings were obtained for acute kidney injury
(Supplementary Web appendix Table S11 online) and progres-
sive CKD (Supplementary Web appendix Table S12 online).

Heterogeneity

eGFR x albumin-to-creatinine ratio categories with signifi-
cant heterogeneity are shown in the Supplementary
Web appendix Table S10-12 online. Quantitative hetero-
geneity, rather than qualitative heterogeneity, was observed in
several categories, reflecting numerical differences in the
hazard ratios between cohorts, but the direction of the risk
was similar in all cohorts (increased risk with lower eGFR
categories and with higher albuminuria categories). However,
in all cohorts, the direction of the risk was similar (increased
risk with lower eGFR categories and with higher albuminuria
categories). Moreover, significant heterogeneity was limited
to the lowest eGFR and the highest albuminuria categories.
There was no significant heterogeneity in the groups with
eGFR of 45-60 ml/min per 1.73m* and in the groups with
microalbuminuria (albumin-to-creatinine ratio 30-299 mg/g
or dipstick 1+ ), either in the general population or in the
high-risk population.

Meta-regression analysis was performed to test whether
the association between eGFR and albumin-to-creatinine
ratio with outcomes differed by the proportion of diabetic
participants within each high-risk cohort. The proportion of
diabetic participants was not significantly associated with the
hazard ratio for ESRD associated with eGFR (45 versus
95 ml/min per 1.73m?% P=0.58) or albumin-to-creatinine
ratio (30 versus 5mg/g; P=0.31). Likewise, the proportion
of diabetic participants was not significantly associated
with the hazard ratio for progressive CKD associated with
eGFR (P=0.57) or albumin-to-creatinine ratio (P =0.96).
There were too few cohorts with sufficient events to allow
similar meta-regression models for acute kidney injury.

DISCUSSION

In this collaborative meta-analysis of nine general population
and eight high-risk cohorts, including a total of more than
1 million subjects, we found that lower eGFR and higher
albuminuria were associated with a higher risk for ESRD,
independent of each other and independent of traditional
CVD risk factors. A similar association of eGFR and
albuminuria was found with the risk for acute kidney injury
and for progressive CKD, although the relative hazards were
higher for ESRD.

The risk for ESRD based on eGFR and albuminuria have
been reported in a limited number of follow-up studies
from general population cohorts.?”>**?*2% The current meta-
analysis confirms these studies and extends the general-
izability of these data to other populations worldwide.
Furthermore, our collaborative meta-analysis includes 2201
ESRD outcomes, substantially more than the number of events
in reports of individual studies, thereby allowing evaluation of
the independent and joint associations of eGFR and albumi-
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nuria with this outcome. In addition, we included data on
acute kidney injury and progressive CKD, other kidney disease
outcomes of clinical and epidemiologic interest.

We found similar patterns in studies that had data on
albumin-to-creatinine ratio and in the studies that only had
semiquantitative information available on dipstick protein-
uria. These findings suggest that measurement of dipstick
proteinuria is useful for risk stratification, despite being a less
precise measure of albuminuria. This is of importance
considering the lower cost of dipstick compared with
albumin-to-creatinine ratio measurement. However, studies
directly comparing dipstick testing with more accurate
albuminuria measurements are needed to investigate sensi-
tivity, specificity, and negative and positive predictive value to
make definite recommendations for screening. Also, it is
important to bear in mind that most studies had measured
albuminuria only once, thus raising questions regarding
reproducibility and chronicity of albuminuria. However, the
finding that a single urine test has significant prognostic
implication strengthens the conclusion that albuminuria
is an important risk factor. In addition, a single test may
underestimate rather than overestimate the risk associated
with albumin-to-creatinine ratio because of regression
dilution bias.”!

The general pattern of a graded increase in relative risk for
the various kidney outcomes with higher albuminuria and
lower eGFR was observed in both cohorts at high risk for
CKD as well as cohorts derived from the general population.
Although the absolute incidence of ESRD was higher in the
high-risk population compared with the general population,
the increase in relative hazards for a lower eGFR and a higher
albuminuria was more pronounced in the general population
than the high-risk population. The consistency of our
findings in both cohorts with albumin-to-creatinine ratio
and dipstick proteinuria data, in both general population and
high-risk cohorts, and in both continuous and categorical
models for eGFR and albumin-to-creatinine ratio, demon-
strates the robustness of our findings. The finding of only
quantitative, but not qualitative heterogeneity, and that
heterogeneity was not observed in the categories of most
clinical interest, that is, eGFR 45-60 ml/min per 1.73 m? and
albumin-to-creatinine ratio 30-299 mg/g or dipstick >1+,
further underscores the strengths of our observations. Of
note, our meta-regression analyses showed that the associations
of eGFR and albuminuria with adjusted hazard rates for ESRD
and acute kidney injury outcomes were not related to the
proportion of diabetic subjects included in the various high-
risk cohorts. This provides no evidence for the assumption of
some investigators that diabetic and non-diabetic kidney
disease should be regarded as separate entities.

The statistical code that was sent to the participating
cohorts rendered output that did not permit computation of
a meta-analytic result for interactions. However, Tables 3 and
4 show that the pattern of higher relative hazards for ESRD
for a lower eGFR and for a higher albuminuria is less steep in
subgroups older than >65 than in those <65 years of
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age. The relationship of higher albuminuria with higher
unadjusted incidence rate of ESRD is comparable for both
age groups, but less steep with lower eGFR in the elderly
when compared with the young (Supplementary Web
appendix Table S3 online). The less steep relationship with
lower eGFR needs to be balanced against the higher incidence
rates in the older subgroup. Although in elderly the increase
in adjusted relative risk with lower eGFR is less than in the
young, the increase in unadjusted incidence rates is higher.
The age-eGFR interaction will be studied in depth in later
analyses by the CKD Prognosis Consortium.

The observed relative risk increase for ESRD with lower
eGFR is more pronounced than the relative risk increase
for all-cause and cardiovascular mortality, as described
separately.24 The hazard ratios for ESRD at eGFR 60, 45,
and 15ml/min per 1.73m* were 3.69 (2.36-5.76), 29.3
(19.5-44.1), and 454.9 (112.4-1840.2), respectively, compared
with 1.16 (1.04-1.30), 1.49 (1.28-1.72), and 3.18 (2.45-4.14),
respectively, for all-cause mortality.”> Interestingly, the
increase in relative risk for higher albuminuria is also
substantially higher for ESRD compared with all-cause
mortality, with hazard ratios for ESRD at albumin-to-
creatinine ratio 30, 300, and 1000 mg/g of 4.87 (2.30-10.3),
13.4 (5.49-32.72), and 28.4 (14.9-54.2), respectively,
compared with 1.16 (1.08-1.25), 1.51 (1.34-1.70), and
2.15 (1.80-2.58), respectively, for all-cause mortality.*® For
kidney outcomes, eGFR and albumin-to-creatinine ratios
were the strongest risk factors examined, often stronger than
age, which differs from all-cause mortality and cardiovascular
mortality where age is the dominant factor. The higher
relative risks for kidney outcomes than for mortality
likely reflect a greater specificity of association of eGFR
and albumin-to-creatinine ratio with these outcomes. The
implications of the more steep relationship of low eGFR and
high albuminuria with relative risk for ESRD than for
mortality should be considered in view of the relative low
incidence rates of the kidney outcomes. Lastly, these data are
not consistent with the suggestion by others that micro-
albuminuria is only a marker for increased CVD risk,'" as it
also indicates substantially increased risk for all kidney
outcomes examined.

A strength of this pooled analysis is that it includes data
on acute kidney injury and progressive CKD as well as on
ESRD. A disadvantage of limiting study of kidney outcomes
to only ESRD is that it will predispose to identification of low
eGFR values as the most important risk predictor, as the
decision to start renal replacement therapy is for a large part
based on eGFR. For clinical practice, however, it is also
important to identify risk predictors in subjects with
relatively preserved renal function, who may benefit from
early initiation of therapies to slow progression of CKD,
thereby delaying or even preventing ESRD and other
complications. Therefore, incident acute kidney injury and
progressive CKD were studied as earlier kidney outcomes
than ESRD. For acute kidney injury, the International
Classification of Diseases hospital discharge code 584 was
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adopted as defining criterion. For progressive CKD, different
definitions have been used in the literature. Our definition
required loss of eGFR of more than 2.5ml/min per 1.73 m’
per year (~3-5 times faster than the rate of renal function
decline in the general population®*°) and a final eGFR
during follow-up of <45 ml/min per 1.73 m* (as it is widely
acknowledged that this threshold is of clinical significance).
Such a combination of a relative decrease and an absolute
threshold has been used before in epidemiological studies®
to increase specificity with a recognized loss of sensitivity. Of
note, the weaker associations of eGFR and albuminuria for
progressive CKD in comparison with the two other kidney
outcomes can be partially explained by misclassification of
the outcome and regression to the mean.

Some limitations of this meta-analysis should be men-
tioned. First, we included only a relatively limited number of
cohorts, and measurements of serum creatinine and albumi-
nuria were not centrally standardized across these cohorts.
The present analysis, however, is to the best of our knowledge
the largest and most comprehensive assessment of the
relation between eGFR, albuminuria, and kidney outcomes
yet performed. Second, no data on treatment effects could be
taken into account. Thus, it cannot be excluded that the
observed associations are influenced by the start of specific
treatments. However, if such treatment were effective in
preventing kidney disease progression, then it would be
expected to lead to an underestimation of the true relative
risk of low eGFR and high albuminuria for these outcomes.
Finally, we used a restrictive definition of progressive CKD,
and alternative definitions should be explored.

What do these findings mean for the current debate on the
definition and classification of CKD? First, as albuminuria is
a risk factor for kidney outcomes independent of eGFR and
conventional cardiovascular risk factors, this suggests that
albuminuria could be used for risk stratification at each level
of eGFR. A lack of multiplicative interaction means that
albuminuria has a similar relative risk at normal and low
eGFR. However, the baseline risk is higher at lower eGFR,
and hence the attributable risk will be higher at lower eGFR
for the same relative risk. Furthermore, as the risk for kidney
outcomes is higher for subjects with macroalbuminuria
(>300mg/g) than for subjects with microalbuminuria
(30-299 mg/g), it seems prudent to define not only one, but
several thresholds for albuminuria to indicate increased risk
for kidney outcomes. Second, our finding that risk for kidney
outcomes is substantially higher in subjects with eGFR
30-45 ml/min per 1.73m” as compared with 45-60 ml/min
per 1.73 m” suggests that it may be appropriate to subdivide
the present stage 3 CKD into two stages, as has been
proposed by others.”®> Our finding of increased relative risk
for all three kidney outcomes for eGFR below 60 ml/min per
1.73m? and albuminuria (albumin-to-creatinine ratio
>30mg/g or dipstick >trace) are consistent with the
current thresholds for the definition of CKD. Some have
suggested age-specific thresholds, arguing that lower eGFR at
older age is a reflection of ageing'' and less associated with
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risk for adverse outcomes.**** Although we found a less steep
pattern of risk for kidney outcomes with lower eGFR in older
subjects compared with younger subjects, the pattern of
incidence rates was similar in older and younger subjects.
These data do not provide clear-cut evidence for the use of
age-specific eGFR thresholds to define CKD. In general,
decisions about the threshold levels for decreased GFR and
albuminuria to define and classify CKD should consider the
prevalence and absolute risk of decreased eGFR and
albuminuria, as well as relative risk.

In conclusion, our data show that both albuminuria and
eGFR are associated with all three kidney outcomes,
independent of each other and cardiovascular risk factors.
There was no evidence of multiplicative interaction between
eGFPR and albuminuria. These findings provide a quantitative
basis for including these two kidney measures for risk
stratification, and CKD definition and staging.

MATERIALS and METHODS
Search strategy and study selection
In August 2009, we performed a systematic review of the
available literature to retrieve all general population cohorts
that might have information on the relation between eGFR
and/or albuminuria versus kidney outcomes. Details of the
search strategy can be found elsewhere.”> To be eligible
for inclusion, studies had to meet the following criteria:
(1) prospective, general population-based cohort study,
(2) information at baseline on eGFR as well as albuminuria
levels, (3) at least 1000 subjects included, (4) information on
at least one of the three kidney outcome measures, and (5) a
minimum of 50 events for that outcome measure. The reason
to require a minimum sample size is to ensure sufficient out
comes in the reference cell. Ultimately, 21 general population
cohorts met these eligibility criteria and were willing to
cooperate, of which 9 had data on kidney outcomes,?>*52¢42
We also included cohorts of individuals selected because of
high risk of CKD, including patients with cardiovascular
disease risk factors (such as hypertension and diabetes) or a
history of cardiovascular disease, because screening for CKD is
recommended in these groups. However, the associations
between eGFR and/or albuminuria and kidney outcomes may
differ between high-risk populations and the general popula-
tion. We analyzed eight high-risk cohorts that met the same
eligibility criteria as the general population cohorts,*?%43-47

Study variables

In each cohort, subjects were subdivided according to eGFR
and albuminuria. GFR was estimated using the abbreviated
Modification of Diet in Renal Disease Study equation.*® Each
participating study was asked to standardize their serum
creatinine to Isotope Dilution Mass Spectrometry traceable
methods, but calibration methods were not uniform. As
recommended in clinical practice guidelines,>** albuminuria
was assessed as the urine albumin-to-creatinine ratio. If first
morning voids were not available, spot urine samples or
samples from 24 h urine collections were used. In studies in
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which no quantitative albuminuria measurements were
available, data on urine protein-to-creatinine ratio or
dipstick testing for proteinuria®® were collected. eGFR and
albuminuria were measured at the onset of cohort studies.

Besides eGFR and albuminuria, information on demo-
graphic factors and cardiovascular risk factors were obtained
to compare baseline characteristics of the different cohort
studies and to adjust for confounding in multivariable
models. Cardiovascular disease history was defined as a
history of myocardial infarction, bypass grafting, percuta-
neous coronary intervention, heart failure, or stroke.
Hypertension was defined as systolic blood pressure
>140mm Hg or diastolic blood pressure >90 mmHg or
use of antihypertensive medication. Hypercholesterolemia
was defined as total cholesterol > 5.0 mmol/l in the case of a
positive history of cardiovascular disease and as > 6.0 mmol/l
in the case of a negative history of cardiovascular disease.
Diabetes mellitus was defined as fasting glucose > 7.0 mmol/l
or non-fasting glucose >11.1mmol/l or use of glucose-
lowering drugs. Smoking habit was dichotomized as current
versus not current smoking.

Definition of kidney outcome measures

ESRD was defined as start of renal replacement therapy or
death coded as because of kidney disease other than acute
kidney injury. Acute kidney injury was defined as ICD-9 code
584 as primary or additional discharge code. Progressive
CKD was defined as an average annual decline in eGFR
during follow-up of at least 2.5 ml/min per 1.73 m? per year
and a last eGFR value being less than 45 ml/min per 1.73 m?,
independent of the level of baseline eGFR. The average
annual decline in eGFR was calculated as last available eGFR
minus baseline eGFR divided by follow-up time (in years,
minimum two) between the two observations.

Statistical analysis

Our primary objective was to evaluate the associations of
eGFR and albuminuria, independently and jointly, on kidney
outcome measures. To maximize uniformity and minimize
bias, investigators from the cohort studies were invited to
collaborate in a pooled analysis following an a priori analytic
plan using standard statistical code that was provided by the
analytic team of the CKD Prognosis Consortium. All analyses
were conducted using Stata version 10 or 11 (Stata Corp,
College Station, TX), SAS version 9 (SAS Institute, Cary,
NC), or R version 2.9.2 (R Foundation for Statistical
Computing, Vienna, Austria). All data classification was
performed separately by analytic teams at the John Hopkins
Institute for Public Health, Baltimore, USA (KM, JC, and
BCA) and the University Medical Center Groningen,
Groningen, the Netherlands (MvdV, PEd], and RTG), and
differences were resolved by consensus.

For each study, a table was generated providing baseline
study characteristics. Cox proportional hazard models were
used to estimate the hazard ratios for ESRD and acute kidney
injury, and logistic regression analysis to estimate odds ratios
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for progressive CKD. These analyses were adjusted for age,
sex, race, and cardiovascular risk factors. Cardiovascular risk
factors taken into account were cardiovascular disease
history, smoking status, diabetes mellitus, systolic blood
pressure, and serum total cholesterol. The independent
continuous association of eGFR and of albuminuria with
risk for kidney outcomes was evaluated after adjusting for
each other and for CVD risk factors. eGFR and albumin-to-
creatinine ratio were modeled using linear splines with knots
at 45, 60, 75, 90, and 105 ml/min per 1.73 m” and 10, 30, and
300 mg/g, respectively. eGFR splines were also adjusted for
albuminuria (adjusted to an albumin-to-creatinine ratio of
5mg/g and dipstick negative), whereas albuminuria splines
were also adjusted for eGFR. For the continuous albuminuria
splines, only cohorts that had albumin-to-creatinine ratio
data were taken into account. eGFR 95ml/min per 1.73 m’
and albumin-to-creatinine ratio 5mg/g were treated as the
reference points. These points were chosen, as they reflect the
anticipated low-risk groups. Interactions between eGFR and
both albuminuria and age were evaluated by likelihood-ratio
tests in individual studies, with albuminuria and age treated
as continuous variables.

For each outcome variable, information was generated for
the joint association of eGFR and albuminuria with kidney
outcomes. Eight eGFR categories were defined: <15, 1529,
30-44, 45-59, 60-74, 75-89, 90-104, and >105ml/min per
1.73 m?. These 15 ml/min per 1.73 m” categories were chosen
to correspond to current CKD stages 1-5 and to evaluate
whether these stages require subdivision. For albumin-to-
creatinine ratio, we defined four categories: <10, 10-29,
30299, and >300mg/g. These categories were chosen to
correspond to current definitions for microalbuminuria and
macroalbuminuria, and to evaluate whether the normoalbu-
minuria category should be subdivided. When information
on albumin-to-creatinine ratio was lacking, we used
information on dipstick proteinuria. As it has been shown
that the majority of subjects with a dipstick trace have high-
normal albuminuria, dipstick 1+ microalbuminuria, and
dipstick >2 + macroalbuminuria,*’ we defined four dipstick
categories as: negative, trace, 1+, and >24. We tested
whether combining cohorts with data on albumin-to-
creatinine ratio and cohorts with data on dipstick proteinuria
were valid. Unlike the mortality analyses,***” there were
insufficient kidney outcomes in the ‘optimal’ reference cell
(eGFR 90-104 ml/min per 1.73 m* and albumin-to-creatinine
ratio <10mg/g) for the current analyses. Therefore, eGFR
>60 ml/min per 1.73m” and albumin-to-creatinine ratio
<30mg/g or dipstick negative/trace were chosen as the
reference cell, as present guidelines classify this group as
being free of CKD. For all of the 25 eGFR x albumin-to-
creatinine ratio categories, information was obtained on the
distribution of subjects and the distribution of incident
events. For each study, the unadjusted incidence rate per 1000
person-years was calculated for each category. Hazard ratios
or odds ratios were estimated with adjustment for the
aforementioned cardiovascular risk factors. We conducted
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complementary analyses where eGFR and albumin-to-
creatinine ratio were modelled continuously using the
same statistical models and adjustments. These models were
parameterized with eGFR =95ml/min per 1.73m’ and
albumin-to-creatinine ratio =>5mg/g or eGFR =95 ml/min
per 1.73m” and dipstick = negative/trace as the reference
point (hazard ratio or odds ratio = 1.0).

Pooled unadjusted incidence rates were obtained by
weighting the individual studies by the number of subjects
per category. Pooled estimates of the adjusted hazard ratios
and odds ratios, with 95% confidence interval, were obtained
from meta-analyses of random effects. Heterogeneity was
estimated using the y’-test for heterogeneity and the I’
statistic.’® Meta-analyses were conducted separately for
general population cohorts and high-risk cohorts. As there
were few participants (0.1%) with eGFR <15ml/min per
1.73m?% we only report results for participants with
eGFR>15ml/min per 1.73m’. A priori it was considered
that age could be an important effect modifier, and hence
results were also produced for age <65 and > 65 years. This
age subdivision was chosen, as guidelines advise to screen for
CKD in subjects >65 years of age.

In all analyses, a P-value of <0.05 was considered to
indicate statistical significance.

DISCLOSURE
All the authors declared no competing interests.

ACKNOWLEDGMENTS

The CKD Prognosis Consortium is supported by KDIGO and the US
National Kidney Foundation. The meta-analyses work conducted
jointly at the Johns Hopkins School of Public Health, Baltimore, USA
and the University Medical Center Groningen, Groningen, the
Netherlands were supported by the US National Kidney Foundation
and the Dutch Kidney Foundation, respectively. The Consensus
Conference that led to these studies was funded by KDIGO. A variety
of institutions have supported the cohorts contributing to the CKD
Prognosis Consortium and are described in publications on these
cohorts. All members of the writing committee contributed to the
collection and analysis of the data, and to the preparation of the
report. All collaborators are responsible for the collection and analysis
of their individual data, and were sent the paper as prepared for
submission, and given the opportunity to comment on the draft
manuscript. The writing committee and all collaborators accept
responsibility for the content of this paper.

CONTRIBUTORS

CKD PROGNOSIS CONSORTIUM

Writing Committee: Ron T Gansevoort, Kunihiro Matsushita, Marije van
der Velde, Brad C Astor, Mark Woodward, Andrew S Levey, Paul E de
Jong, and Josef Coresh.

KDIGO Controversies Conference Planning Committee: Andrew
Levey, Meguid El-Nahas, Paul E de Jong, Josef Coresh, Kai-Uwe
Eckardt, and Bertram L Kasiske.

CKD Prognosis Consortium Investigators/Collaborators: Advance:
Mark Woodward, Toshiharu Ninomiya, John Chalmers, and Stephen
MacMahon; AKDN: Marcello Tonelli and Brenda Hemmelgarn; ARIC:
Josef Coresh, Brad Astor, Kunihiro Matsushita, and Yaping Wang;
AusDiab: Robert C Atkins, Kevan R Polkinghorne, and Steven J
Chadban; Beaver Dam: Anoop Shankar, Ronald Klein, and Barbara EK
Klein; CARE: Marcello Tonelli, Frank Sacks, and Gary Curhan;

Kidney International (2011) 80, 93-104

— 169 —



RT Gansevoort et al.: Lower eGFR and higher albuminuria as risk factors for kidney outcomes

original article

CHS: Michael Shlipak, Mark J Sarnak, Ronit Katz, and Linda P Fried;
HUNT: Stein Hallan, Stian Lydersen, and Jostein Holmen; KP-Hawaii
Cohort: Brian J Lee; MESA: Michael Shlipak, Mark J Sarnak, Ronit Katz,
and Linda P Fried; MR-FIT: Areef Ishani, James Neaton, and Ken
Svendsen; OGHMA-OKID 83 and 93: Kunitoshi Iseki; ONTARGET:
Johannes FE Mann, Salim Yusuf, Koon K. Teo, and Peggy Gao; Pima
Indian: Robert G Nelson and William C Knowler; and TRANSCEND:
Johannes FE Mann, Salim Yusuf, Koon K Teo, and Peggy Gao.

CKD Prognosis Consortium Analytic Team: Brad C Astor, Priscilla
Auguste, Josef Coresh, Ron T Gansevoort, Paul E de Jong, Kunihiro
Matsushita, Marije van der Velde, Kasper Veldhuis, Yaping Wang, and
Mark Woodward.

CKD Prognosis Consortium Administration Staff: Laura Camarata and
Beverly Thomas.

National Kidney Foundation Staff: Tom Manley.

SUPPLEMENTARY MATERIAL

Table S1. Acronyms/abbreviations for individual studies.

Table S2. Incidence rate for end-stage renal disease.

Table S3. Incidence rate for acute kidney injury.

Table S4. Incidence rate for progressive chronic kidney disease.
Table S5. Distribution of subjects for analysis of incident end-stage
renal disease.

Table S6. Distribution of incident end-stage renal disease events.
Table S7. Distribution of incident acute kidney injury events.

Table S8. Distribution of incident progressive chronic kidney disease
events.

Table $9. Statistical significance for interaction between eGFR and
age, and between eGFR and albuminuria for end-stage renal disease,
acute kidney injury, and progressive chronic kidney disease.

Table S10. Hazard ratios for incident end-stage renal disease.
Table S11. Hazard ratios for incident acute kidney injury.

Table $12. Odds ratios for incident progressive chronic kidney
disease.

Figure S1. Pooled adjusted hazard ratios for acute kidney injury
according to spline eGFR and albumin-to-creatinine ratio adjusted for
each other and for age, sex, and cardiovascular risk factors.

Figure S2. Pooled adjusted hazard ratios for progressive chronic
kidney disease according to spline eGFR and albumin-to-creatinine
ratio adjusted for each other and for age, sex, and cardiovascular risk
factors.

Figure S3. Pooled adjusted hazard ratios for end-stage renal disease
according to eGFR and albuminuria for four groups (general
population cohorts with albumin-to-creatinine ratio data, general
population cohorts with dipstick data, high-risk cohorts with
albumin-to-creatinine ratio data, and high-risk cohorts with dipstick
data).

Supplementary material is linked to the online version of the paper at
http://www.nature.com/ki

REFERENCES

1. Eckardt KU, Berns JS, Rocco MV et al. Definition and classification
of CKD: the debate should be about patient prognosis-a
position statement from KDOQ! and KDIGO. Am J Kidney Dis 2009; 53:
915-920.

2. Levey AS, de Jong PE, Coresh J et al. Chronic kidney disease - definition,
classification and prognosis: a KDIGO controversies conference reaches a
consensus. Kidney Int 2010; 375: 2073-2081.

3. National Kidney Foundation. K/DOQI clinical practice guidelines for
chronic kidney disease: evaluation, classification, and stratification.

Am J Kidney Dis 2002; 39: S1-266.

4. lLevey AS, Coresh J, Balk E et al. NKF practice guidelines for CKD:
evaluation, classification and stratification. Arch Int Med 2003; 139:
137-147.

5. Levey AS, Eckardt KU, Tsukamoto Y et al. Definition and classification
of chronic kidney disease: a position statement from Kidney
Disease: Improving Global Outcomes (KDIGO). Kidney Int 2005; 67:
2089-2100.

Kidney International (2011) 80, 93~104

— 170 —

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Levey AS, Atkins R, Coresh J et al. Chronic kidney disease as a global
public health problem: approaches and initiatives - a position statement
from Kidney Disease Improving Global Outcomes. Kidney Int 2007; 72:
247-259.

Gansevoort RT, de Jong PE. The case for using albuminuria in staging
chronic kidney disease. J Am Soc Nephrol 2009; 20: 465-468.

Glassock RJ, Winearls C. An epidemic of chronic kidney disease: fact or
fiction? Nephrol Dial Transpl 2008; 23: 1117-1123.

Ikizler TA. CKD classification: time to move beyond KDOQI. J Am Soc
Nephrol 2009; 20: 929-930.

Wetzels JF, Willems HL, den Heijer M. Age- and gender-specific reference
values of estimated glomerular filtration rate in a Caucasian population:
results of the Nijmegen Biomedical Study. Kidney Int 2008; 73: 657-658.
Winearls CG, Glassock RJ. Dissecting and refining the staging of chronic
kidney disease. Kidney Int 2009; 75: 1009-1014.

Ruggenenti P, Perna A, Mosconi L et al. Urinary protein excretion rate is
the best independent predictor of ESRF in non-diabetic proteinuric
chronic nephropathies. ‘Gruppo Italiano di Studi Epidemiologici in
Nefrologia’ (GISEN). Kidney Int 1998; 53: 1209-1216.

Keane WF, Zhang Z, Lyle PA, et al.##Brenner BM, RENAAL Study
Investigators. Risk scores for predicting outcomes in patients with type 2
diabetes and nephropathy: the RENAAL study. Clin J Am Soc Nephrol
2006; 1: 761-767.

Jafar TH, Stark PC, Schmid CH, et al.##Levey AS, AIPRD Study Group.
Progression of chronic kidney disease: the role of blood pressure
control, proteinuria, and angiotensin-converting enzyme

inhibition: a patient-level meta-analysis. Ann Intern Med 2003; 139:
244-252,

Wen CP, Cheng TY, Tsai MK et al. All-cause mortality attributable to
chronic kidney disease: a prospective cohort study based on 462 293
adults in Taiwan. Lancet 2008; 371: 2173-2182.

Go AS, Chertow GM, Fan D et al. Chronic kidney disease and the risks of
death, cardiovascular events, and hospitalization. N Engl J Med 2004; 351:
1296-1305.

Hallan S, Astor B, Romundstad S et al. Association of kidney function and
albuminuria with cardiovascular mortality in older vs younger individuals:
the HUNT Ii Study. Arch intern Med 2007; 167: 2490-2496.

Astor BC, Hallan SI, Miller 1l ER et al. Glomerular filtration rate,
albuminuria, and risk of cardiovascular and all-cause mortality in the

US population. Am J Epidemiol 2008; 167: 1226-1234.

Brantsma AH, Bakker SJ, Hillege HL, et al.##Gansevoort RT,

PREVEND Study Group. Cardiovascular and renal outcome in

subjects with K/DOQI stage 1-3 chronic kidney disease: the importance
of urinary albumin excretion. Nephrol Dial Transplant 2008; 23:
3851-3858.

Hemmelgarn BR, Manns BJ, Lioyd A et al. Relation between kidney
function, proteinuria, and adverse outcomes. JAMA 2010; 303: 423-429.
van der Velde M, Halbesma N, de Charro FT et al. Screening for
albuminuria identifies individuals at increased renal risk. / Am Soc Nephrol
2009; 20: 852-862.

Hallan S|, Ritz E, Lydersen S et al. Combining GFR and albuminuria to
classify CKD improves prediction of ESRD. J Am Soc Nephrol 2009; 20:
1069-1077.

Coca SG. Long-term outcomes of acute kidney injury. Curr Opin Nephrol
Hypertens 2010; 19: 266-272.

Goldberg R, Dennen P. Long-term outcomes of acute kidney injury.
Adv Chronic Kidney Dis 2008; 15: 297-307.

The Chronic Kidney Disease Prognosis Consortium. Association of
estimated glomerular filtration rate and albuminuria with all-cause and
cardiovascular mortality: a collaborative meta-analysis of general
population cohorts. Lancet 2010; 375: 2073-2081.

The Chronic Kidney Disease Prognosis Consortium. Association of
estimated glomerular filtration rate and albuminuria with all-cause and
cardiovascular mortality: a collaborative meta-analysis of high risk
cohorts. Kidney Int. (submitted).

The Chronic Kidney Disease Prognosis Consortium. Association of
estimated glomerular filtration rate and albuminuria with mortality and
end-stage renal disease: a collaborative meta-analysis of kidney disease
cohorts. Kidney Int. (submitted).

Iseki K, Kinjo K, Iseki C et al. Relationship between predicted creatinine
clearance and proteinuria and the risk of developing ESRD in Okinawa,
Japan. Am J Kidney Dis 2004; 44: 806-814.

Ishani A, Grandits GA, Grimm RH et al. Association of single
measurements of dipstick proteinuria, estimated glomerular filtration
rate, and hematocrit with 25-year incidence of end-stage renal disease in

103



ori g inal article RT Gansevoort et al.: Lower eGFR and higher albuminuria as risk factors for kidney outcomes
the multiple risk factor intervention trial. / Am Soc Nephrol 2006; 17: 41. Bui AL, Katz R, Kestenbaum B et al. Cystatin C and carotid intima-media
1444-1452. thickness in asymptomatic adults: the Multi-Ethnic Study of
30. Imai E, Horio M, Yamagata K et al. Slower decline of glomerular filtration Atherosclerosis (MESA). Am J Kidney Dis 2009; 53: 389-398.
rate in the Japanese general population: a longitudinal 10-year follow-up 42 |seki K, Ikemiya Y, Iseki C et al. Proteinuria and the risk of developing
st.udy‘ Hyper tens Res 2008; 31: 433-441. end-stage renal disease. Kidney Int 2003; 63: 1468-1474.
31. Ninomiya T, Perkovic V, de Galan BE, et al, for the ADVANCE 43. Tonelli M, Jose P, Curhan G, et al.,, Cholesterol and Recurrent
Collaborative Group. Albuminuria and kidney function independently Events (CARE) Trial Investigators. Proteinuria, impaired kidney
predict cardiovascular and renal outcomes in diabetes. J Am Soc Nephrol . . . .
2000: 20: 1813-1821 function, and adverse outcomes in people with coronary disease:
32. Kshirsagar AV, Bang H, Bomback AS et al. A simple algorithm to predict analysis of a previously conducted randomised trial. BMJ 2006; 332:
incident kidney disease. Arch Intern Med 2008; 168: 2466-2473. 1426-1431.
33. Crowe E, Halpin D, Stevens P, on behalf of the Guideline Development G. 44. Mann JF, Schmieder RE, McQueen M, et al.,, ONTARGET investigators.
Early identification and management of chronic kidney disease: summary Renal outcomes with telmisartan, ramipril, or both, in people at
of NICE guida:cg. BwJ 2008ih3|373 812/‘815- «  hroni high vascular risk (the ONTARGET study): a multicentre, randomised,
34. QHare A‘M’ Choi Al, Bertenthal D et a‘.Ags.e aflects outcomes in chronic double-blind, controlled trial. Lancet 2008; 372: 547-553.
kidney disease. J Am Soc Nephrol 2007; 18: 2758-2765. L
y . o e 45. Pavkov ME, Knowler WC, Hanson RL et al. Predictive power of
35. O'Hare AM, Bertenthal D, Covinsky KE et al. Mortality risk stratification in sequential measures of albuminuria for progression to ESRD or
chronic kidney disease: one size for all ages? J Am Soc Nephrol 2006; 17: q prog
846-853. death in Pima Indians with type 2 diabetes. Am J Kidney Dis 2008; 51:
36. Matsushita K, Selvin E, Bash LD et al. Change in estimated GFR associates 759-766.
with coronary heart disease and mortality. J Am Soc Nephrol 2009; 20: 46. Mann JFE, Schmieder RE, Dyal L et al. Effects of telmisartan on renal
2617-2624. outcomes. Ann Int Med 2009; 151: 1-10.
37. White SL, Polkinghorne KR, Atkins RC et al. Comparison of the prevalence 47. Lee BJ, Forbes K. The role of specialists in managing the health of
and mortality risk of CKD in Australia using the CKD Epidemiology populations with chronic illness: the example of chronic kidney disease.
collaboration (CKD-EPI) and modification of diet in renal disease (MDRD) BMJ 2009; 339: 800-802.
Study GFR estimating equations: the AusDiab (Australian Diabetes, 48. Levey AS, Coresh J, Greene T et al. Using standardized serum creatinine
g:esl‘(ty TdKIUfeSthy’g Stugg’k'q_l{z J Kidney Dis 2010; 55t 66?(‘670}] values in the modification of diet in renal disease study equation
38. ankar A, Klein R, Klein e association among smoking, heavy N . X .
drinking and chronic kidney disease. Am J Epidemiol 2006; 164: 263-271. for estimating glomerular filtration rate. Ann Intern Med 2006; 145:
39. Shlipak MG, Katz R, Kestenbaum B et al. Rate of kidney function decline in 247-254. . o o L
older adults: a comparison using creatinine and cystatin C. Am J Nephrol 49. Konta T, Hao Z, Takasaki S et al. Clinical utility of trace proteinuria for
2009; 30: 171-178. microalbuminuria screening in the general population. Clin Exp Nephrol
40. Hallan SI, Ritz E, Lydersen S et al. Combining GFR and albuminuria to 2007; 11: 51-55.
classify CKD improves prediction of ESRD. J Am Soc Nephrol 2009; 20: 50. Woodward M. Epidemiology: Study Design and Data Analysis. 2nd edn.
1069-1077. Chapman & Hall/CRC: Boca Raton, 2005.
104 Kidney International (2011) 80, 93-104

— 171 —



Clin Exp Nephrol (2011) 15:450-455
DOI 10.1007/s10157-011-0439-8

Role of chronic kidney disease in cardiovascular disease:

are we different from others?

Kunitoshi Iseki

Received: 11 January 2011/ Accepted: 10 March 2011/Published online: 5 April 2011

© Japanese Society of Nephrology 2011

Abstract The incidence and prevalence of chronic dial-
ysis patients in Japan is increasing linearly and is currently
as high as 300 and 2300 per million population, respec-
tively. The incidence of end-stage renal disease is closely
related to that of chronic dialysis; findings which are cap-
tured in detail in the Japanese Society for Dialysis Therapy
registry. Life expectancy of dialysis patients is poor com-
pared to the age- and sex-matched general population, and
is equivalent to that of an 80-year-old man or an 87-year-
old woman, i.e., dialysis patients seem 15-18 years older
than their actual age. Cardiac death is the leading cause of
death; however, death due to stroke and acute myocardial
infarction is decreasing. The annual mortality rate is 6.5%
among the dialysis population. For the past 10 years, the
mortality risk has remained high despite the avoidance of
blood transfusions by the administration of erythropoiesis-
stimulating agents, the use of renin—angiotensin system
inhibitors, and improvements in general medical care.
Several studies have confirmed the significance of chronic
kidney disease (CKD) on the development of cardiovas-
cular disease (CVD) and mortality; the lower the estimated
glomerular filtration rate (¢GFR), the higher the incidence
of CVD. The cut-off levels for eGFR are not yet clear.
CKD is an important predictor of CVD in Japan, similar to
other parts of the world. Strategies for early detection of
CKD are needed because, in many cases, CKD remains
asymptomatic until late stages. Timely treatment for CKD
is necessary to minimize costs for unnecessary care and
testing. Unless CDK is properly managed, it will not be
possible to maintain quality and longevity of life. The
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Japanese population is rapidly aging and will have the
largest proportion of elderly people in the world. A sys-
tematic strategy for managing CKD patients is warranted.

Keywords Proteinuria - Glomerular filtration rate
(GFR) - Chronic kidney disease (CKD) - Cardiovascular
disease (CVD) - Screening

Introduction

In Japan, the incidence and prevalence of chronic dialysis
is increasing linearly and is as high as 300 and 2,300 per
million population, respectively [1]. According to the
annual report of the Japanese Society for Dialysis Therapy
(JSDT), the number of dialysis patients and facilities
increased to 290,675 and 4,125, respectively, in 2009.
There are 114,000 dialysis beds which can accommodate
340,000 patients. It is also noteworthy that the mean age at
the start of dialysis is increasing, which may reflect the
increase in the elderly population. In addition, preventive
strategies such as universal screening including urine tests
and treatment of hypertension may have prolonged the
onset of end-stage renal disease (ESRD). As Japan has a
long history of universal screening early detection of CKD
might be possible [2]. Dipstick proteinuria has been used in
a community-based screening {3]. However, many patients
are diagnosed and are inevitably started on dialysis soon
after their first visit to a nephrology clinic.

The preliminary results of the JSDT support the notion
that the longer the duration of pre-ESRD treatment, the
better the survival. Survival of dialysis patients was better
in those treated for >6 months (up to <12 months) and
>48 months in referral facilities compared to those with
the shortest duration after referral (<1 month) (Fig. 1).
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Fig. 1 Survival based on the duration of predialysis care (JSDT data)

Malnutrition is a strong predictor of survival of prevalent
dialysis patients, but it often begins before starting dialysis
therapy. Differences in the control of hypertension, nutri-
tional status, and comorbid conditions might play a role.
Only limited information is available on the course of CKD
progression. Outcomes likely differ between screened
cohorts in the CKD clinic and hospital patients. ESRD
patients are those who have survived and been accepted for
dialysis therapy. Because the acceptance policy is quite
open in Japan, the incidence of ESRD is closely related to
that of acceptance to dialysis therapy; findings which are
captured in detail in the JSDT registry.

The present study reviews the role of CKD in the
development of CVD in the Japanese population, both pre-
ESRD and with ESRD. The Japanese society is rapidly
aging and the proportion of elderly people in the total
population will be the largest in the world. The Japanese
dietary habits and lifestyle are unique. Managing CKD is
essential for maintaining quality and longevity of life.
Strategies for early detection and proper treatment for CKD
are needed because many people remain asymptomatic
until the late stages of CKD.

CVD in dialysis population

The causes of death in prevalent dialysis patients are
summarized in Fig. 2. Cardiac death is a leading cause and
remains high; however, death due to stroke and acute
myocardial infarction is decreasing while deaths due to
infection and malignancies are increasing. Among incident
dialysis patients, infection has become the leading cause of
death since 2006. This is partly due to the rapid increase in
mean age of incident dialysis patients, 67.3 years in 2009
(up from 63.4 years in 1999), and prevalent patients,
65.8 years in 2009 (up from 59.9 years in 1999). The
precise nature of cardiac death is difficult to investigate
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Fig. 2 Causes of death in prevalent dialysis patients in Japan
(JSDT data)

further. Most deaths are believed to be due to congestive
heart failure related to volume overload, hypertensive heart
disease, valvular heart disease, and other ‘uremic’ cardio-
myopathies. Sudden death and/or death due to hyperkale-
mia comprise less than 5% which is quite different from the
United States Renal Data System (USRDS) [4]. At the
2010 Kidney Disease: Improving Global Outcomes (KDI-
GO) Controversies Conference, the role of CKD in CVD
mortality was discussed and the lack of pertinent data
recognized. Volume overload remains a big problem in
dialysis patients.

Causes of death in dialysis patients are different from
those in the general population (Fig. 3). The leading cause
of death in the general population in Japan is malignancy;
however, malignancy as a cause of death in the dialysis
population is small, which is probably because patients
with malignancies are not accepted for dialysis therapy
even if they are uremic. There are no definite criteria for
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Fig. 3 Number of deaths in the general population in Japan

(National data)
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initiating dialysis, although we have been using the Japa-
nese Ministry of Health, Welfare and Labor (MHWL)
research group criteria [5]. In this recommendation, uremic
symptoms are required in addition to impaired kidney
function based on creatinine clearance or serum creatinine.
Others use only a cut-off level of serum creatinine of at
least 8.0 mg/dl.

In the JSDT 2005 cohort, the prevalence of a history of
acute myocardial infarction, cerebral hemorrhage, cerebral
infarction, and amputation was 6.1, 3.7, 11.8, and 2.4%,
respectively [6]. Mean body mass index (BMI) was
21.1 kg/m? which was significantly lower than that of the
USRDS [7]. Body size difference is crucial if the target
fluid removal is defined as 5% of the dry weight. The
amount of fluid to be removed by one dialysis session in
most Japanese dialysis patients (body weight (BW) 60 kg)
is 3.0 liters, whereas that of patients in the USRDS (BW
>75 kg) is 3.75 liters. Rapid removal of fluid in a short
dialysis time is often associated with hypotension during
dialysis and eventually leads to chronic volume overload.
Obesity is often associated with sleep apnea and risk of
CVD. CKD patients have a higher incidence of sleep apnea
and dialysis patients have a much higher prevalence of
sleep apnea [8].

Life expectancy of dialysis patients is poor compared to
the age- and sex-matched general population. The annual
mortality rate is 6.5% among the dialysis population
(Fig. 4), which is equivalent to 80 years in men and
87 years in women, i.e., dialysis patients seem older by
15-18 years than their actual real age. For the past
10 years, the mortality risk has remained high despite the
avoidance of blood transfusion by the administration of
erythropoiesis-stimulating agents, the use of renin—angio-
tensin system inhibitors, and improved general medical
care. In contrast to the USRDS, dialysis patients are

ESRD
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General
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Mortality rate

-------------------

40 50 60 70 80
Age (years)

Fig. 4 Comparison of annual mortality rate between dialysis patients
and general population (JSDT and National data)
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dialyzed mostly via an arteriovenous fistula and each
dialysis session lasts at least 4 h.

Factors related to survival, studied in our own cohort
and those of others, were summarized previously [9]. Other
than age and sex, malnutrition and comorbid conditions at
the start of dialysis are the major underlying predictors of
death; however, these two factors are modifiable at the pre-
ESRD stage. CKD progression differs among cohorts such
as general screening, hospital, subspecialty clinic, and
general practice. Among the subspecialty clinic cohort,
Nakayama et al. [10] reported a higher incidence of ESRD
but lower development of CVD and very few mortality
cases. Currently, a large nationwide prospective study is
underway [11]. In this study, registered CKD patients are
cared for by general practitioners (Kakarituke-1, i.e., family
or near-by doctor) according to the Japanese Society of
Nephrology (JSN) CKD Practice Guidebook and Guide-
lines [12]. Forty-nine regional doctors’ associations were
randomized into two groups. CKD patients seeing doctors
in Group B are cared for intensively with the aid of a
dietician and nurses, who check for compliance with doc-
tors’ orders, and are instructed in diet and lifestyle modi-
fications. Such pre-HD care may improve life expectancy,
despite eventual entrance into an ESRD program.

CVD in the non-dialysis population

The glomerular filtration rate (GFR) estimation formula
needs to be refined to examine the progression of CKD in
each ethnic group. In Japan, this was made possible by the
JSN task force [13]. Methods of serum creatinine mea-
surement should be clarified and standardized. The for-
mulas for estimating GFR were developed using CKD
patients; therefore, they are not applicable to a healthy
population. In particular, underestimation is possible in
those with an estimated GFR (eGFR) of >60 ml/min/
1.73 m* [14]. Serum creatinine concentration is affected
not only by GFR, but also by various other factors, such as
muscle mass, sex, race, diet, drugs, and tubular function.
Ideally, the clearance of exogenous GFR markers, such as
inulin, should be measured for GFR estimation, but the
method is time-consuming and difficult and therefore not
feasible for community-based screening.

Geographic differences in CKD prevalence in Japan

Japan has a long history of universal screening. Based on
such nationwide screening data, the JSN estimated the
prevalence of stage 3 CKD to be 10.4% [15]; GFR in 7.6%
of these subjects was in the range of 50-59 ml/min/
1.73 m?. Geographic differences in ESRD prevalence have
been noted, but there is little data on CKD prevalence.
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