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Abstract

In recent years, large cohort studies of patients with chronic kidney disease (CKD) have been established all over the world.
These studies have attempted to analyze the pathogenesis of CKD using a large body of published evidence. The design
of cohort studies is characterized by the measurement of the exposure prior to the occurrence of the outcome, which has
the advantage of clarifying the temporal relationship between predictors and outcomes and estimating the strength of the
causal relationship between predictors and multiple outcomes. Recent advances in biostatistical analysis methods, such as
propensity scores and risk prediction models, are facilitating causal inference using higher quality evidence with greater
precision in observational studies. In this review, we will discuss clinical epidemiological research of kidney disease based
on the analysis of observational cohort data sets, with a focus on our previous studies.

Keywords Epidemiology - Causal effect - Observational study

Introduction

In general, epidemiology is defined as a scientific method
for clarifying the relationship between disease events and
the factors that influence them, and for establishing effective
countermeasures against health-related problems. There are
two types of epidemiological studies: observational stud-
ies, in which the relationship between factors and diseases
is clarified by observation alone without artificial manip-
ulation, and intervention studies, in which changes in the
occurrence and prognosis of diseases before and after arti-
ficial manipulation are experimentally confirmed. It should
be noted that the results obtained in observational studies
cannot completely rule out the possibility of an apparent
relationship arising owing to chance, bias, or confounding
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[1-3]. In cohort studies, the temporal relationship between
the exposures and the onset of the disease event is clear,
making it possible to infer causality. Therefore, the evidence
level of cohort studies ranks higher than that of other study
designs, such as case—control and cross-sectional studies.
Cohort studies can identify risk factors for disease by
observing a population for a period and comparing differ-
ences in the incidence of disease events with and without
exposure. Bias and confounding can be removed to a certain
extent through statistical analysis, but a randomized con-
trolled intervention trial (RCT) is required to completely
remove the effects of bias and confounding. However, there
are many barriers to the implementation of RCTs, such as
cost and ethical concerns. Evidence from well-designed
cohort studies should, therefore, form the basis for infer-
ring interventional factors that are predicted to have a causal
effect on disease. The pathogenesis of chronic kidney dis-
ease (CKD) involves a wide range of factors, including
immunological and environmental factors and genetic pre-
disposition, and these interact with each other. To clarify
the prognostic factors of CKD, it is important to create a
systematic database comprising the vast amount of clinical
information generated in daily practice. By creating such a
database, it will be possible to clarify factors that are unclear
in individual cases alone and to elucidate the mechanisms
of CKD onset and exacerbation. To extract high-quality
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evidence from observational databases that can be used in
disease prevention and intervention studies, it is necessary to
apply appropriate methods of statistical analysis that control
confounding and lead to accurate estimates. In addition to
the current status of CKD cohorts around the world, herein,
we review biostatistical methods that are useful in clinical
research to establish evidence that can be used to elucidate
the pathogenesis of CKD and improve medical practice.

Representative non-dialysis-dependent CKD
cohort studies

Cohort studies of non-dialysis-dependent CKD
outside Japan

African American Study of Kidney Disease
and Hypertension (AASK)

The AASK cohort study was a follow-up study of an RCT
conducted among 1094 black patients with CKD, with three
initial antihypertensive drugs (ramipril, metoprolol, and
amlodipine) and two antihypertensive targets (mean blood
pressure 102-107 mmHg and <92 mmHg) [4, 5]. Partici-
pants comprised 691 consented patients out of 787 who did
not develop end-stage kidney disease (ESKD) during the
AASK study period and were followed for up to 6.4 years.
The black population in the United States is at high risk for
worsening kidney function, because they are more suscepti-
ble to hypertension and kidney impairment than Whites and
have a higher incidence of lifestyle-related diseases, such as
obesity. This follow-up study showed an association between
apolipoprotein L1 (APOL1) gene polymorphism and wors-
ening kidney function [6, 7]. Recently, metabolomic analysis
using frozen serum samples has also shown the association
of specific serum metabolites with urinary protein and total
mortality [8, 9].

Kidney Early Evaluation Program (KEEP)

The KEEP study is focused on improving the prognosis of
kidney disease by increasing public awareness about the
concept of kidney disease and encouraging early medical
intervention in high-risk patients. This study was originally
initiated by the National Kidney Foundation in 2000 to raise
awareness about CKD screening. The target population is the
general population aged 18 years and older who have hyper-
tension, diabetes, or a family history of hypertension, diabe-
tes, or kidney disease. Screening tests that include items on
social background, pre-existing medical conditions, blood
pressure measurement, and blood and urine tests are con-
ducted, and participants with abnormal values are encour-
aged to visit a medical institution. Follow-up data after
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medical care are not included but can be merged with exter-
nal data such as the National Death Index, the United States
Renal Data System, and the National Health and Nutrition
Examination Survey (NHANES). By cross-checking with
external data sources, the association between demographic
and other data such as body mass index, racial differences,
health insurance status, total mortality, dialysis initiation,
and cardiovascular disease can be examined [10-14].

Chronic Renal Insufficiency Cohort (CRIC)

The CRIC study is a prospective cohort study initiated by
the National Institute of Diabetes and Digestive and Kidney
Diseases in 2001 to investigate risk factors for the progres-
sion of kidney disease and the development of CVD, and
to gain useful knowledge for future intervention studies.
This study has been ongoing for more than 20 years from
Phase I to Phase IV in a total of 3612 patients with CKD
attending seven renal care centers. In addition to the basic
study, many ancillary studies have been conducted and many
articles have been published in medical journals. Since its
inception, the CRIC has been strategically collecting data
related to the care of patients with CKD, and biospecimen
storage has been thorough. Over the past decade, the CRIC
study has contributed substantially to our understanding of
factors associated with CKD progression. Hannan et al. sum-
marized findings from a longitudinal study that assessed risk
factors associated with CKD progression in the CRIC study
under six themes, as follows: (1) socioeconomic factors (sex,
race/ethnicity, nephrological care); (2) behavioral factors
(healthy lifestyle, diet, sleep); (3) genetic factors (APOLI1,
genome-wide association studies [GWAS], renin—angioten-
sin—aldosterone pathway genes); (4) cardiovascular (atrial
fibrillation, hypertension, vascular stiffness); (5) metabolic
(fibroblast growth factor 23 and urinary oxalate); and (6)
novel factors (biomarkers of acute kidney injury and kidney
impairment) [15]. The current fourth phase, which began
in 2018, is increasing the ethnic diversity of the cohort by
recruiting 500 Native American and 126 Hispanic adults.
In addition, data collection has been refocused on incorpo-
rating new mobile technologies to remotely collect kidney
and cardiovascular data from participants’ homes, further
highlighting the importance of interdisciplinary collabora-
tive opportunities.

Chronic Kidney Disease in Children (CKiD)

The cohort was established in 2006 and has enrolled and
prospectively followed more than 800 pediatric patients
with CKD from 57 sites across the United States. Patients
between the ages of 1 and 16 years with an estimated glo-
merular filtration rate (GFR) of 30~75 mL/min/1.73 m?,
not including those receiving dialysis, were included in the
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study. In addition to examining risk factors for progression
of kidney failure, the study is unique in that it addresses
research questions specific to pediatric practice, such as
the impact of kidney function on growth and neurological
development, the relationship between stunting and mor-
tality risk, and epidemiological studies of pediatric cardiac
disease [16].

German Chronic Kidney Disease (GCKD) study

The GCKD study is a prospective, observational, nation-
wide cohort study established in 2010. The study aims to
enroll 5000 patients with CKD of various etiologies under-
going nephrological treatment and to follow them for up
to 10 years. Patient recruitment and follow-up are being
organized by collaborating centers with nephrologists
throughout the country through an academic nephrology
network. Patients with an estimated GFR between 30 and
60 mL/min/1.73 m? at the time of enrollment, or with overt
proteinuria if GFR is> 60 mL/min/1.73 m?, are included.
Biomaterials such as DNA, serum, plasma, and urine are
collected using standardized methods to identify biomarkers
associated with CVD incidence and CKD progression [17].
In addition to epidemiological topics such as blood pres-
sure [18], heart failure [19], dietary patterns [20], and gout
[21], biomarkers and genes such as urine 6-bromotryptophan
[22], serum uromodulin [23], GWAS of urate and gout [24],
telomere length [25], and other biomarkers and genes have
been actively investigated.

Cohort studies of non-dialysis-dependent CKD
inJapan

Chronic Kidney Disease Japan Cohort (CKD-JAC)

The CKD-JAC study was established in 2007 to determine
the incidence of CVD, ESKD, and all-cause mortality in the
Japanese population. The CKD-JAC is a 4-year prospective
observational cohort of patients attending nephrology cent-
ers. Inclusion criteria are (1) Japanese and Asian patients
living in Japan, (2) age 2075 years, and (3) estimated GFR
10-59 mL/min/1.73 m? [26]. To date, 15 studies have been
published on CVD incidence, sleep, hospitalization events,
and progression factors of left ventricular hypertrophy.

Gonryo study

The Gonryo study is a 5-year prospective cohort of 2692
outpatients with CKD from 11 centers that began in 2007.
All patients met the criteria for CKD and had a persistently
low GFR of less than 60 mL/min/1.73 m? or proteinuria by
urinalysis [27]. To date, six studies have reported on CVD
incidence, anemia, blood pressure, and CKD progression.

Fukuoka Kidney disease Registry (FKR) study

The FKR is a prospective, multicenter, observational cohort
of patients with CKD before dialysis that began enrollment
in 2013. Approximately 4500 patients were enrolled in this
study, with extensive lifestyle surveys and collection of bio-
logical samples including blood, urine, and DNA at baseline
enrollment, followed by a planned 5-year follow-up, which
is still underway [28].
The objectives of this cohort are as follows:

I. To identify and validate biomarkers, including novel
risk factors and genetic susceptibility, using biologi-
cal materials and high-throughput omics technology;

II. To clarify the effects of genetic and environmental
interactions on the risk of adverse events in Japanese
patients with CKD;

III. To evaluate the impact of lifestyle issues such as sex,
nutrition, exercise, quality of life (QOL), and psycho-
logical and socioeconomic factors on CKD progres-
sion and complications; and

IV. To assess the socioeconomic burden of age-related
complications and health resource utilization in older
patients with CKD.

Together with the search for risk factors in epidemiologi-
cal studies and multi-layered omics analysis, the findings of
our cohort study will elucidate the molecular mechanisms
that determine the phenotype of the disease and will con-
tribute to personalized medicine and healthy longevity in
patients with CKD.

Representative hemodialysis cohort studies
Hemodialysis cohort studies outside Japan
Dialysis Outcomes and Practice Patterns Study (DOPPS)

The DOPPS is a large, international observational study of
practice patterns and patient outcomes in patients receiv-
ing maintenance hemodialysis. The data collected in each
country will be sent for analysis to the Arbor Research Col-
laborative for Health, a non-profit research organization in
the United States. The study sites will be randomly selected
to be representative of dialysis facilities in each participat-
ing country, taking into account facility type and geographic
distribution. The DOPPS is collecting data on four themes:
(1) life expectancy, (2) hospitalization, (3) vascular access,
and (4) QOL. It has been shown that mortality is largely
explained by regional differences in survival (especially
when comparing the United States and Europe) and by dif-
ferences in the use of vascular access in facilities [29, 30].
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The DOPPS also showed that longer treatment time was
associated with lower mortality in models adjusted for Kt/V
and other characteristics using both standard and instrumen-
tal variable analysis methods [31].

Hemodialysis cohort studies in Japan

Japan Dialysis Outcomes and Practice Patterns Study
(J-DOPPS)

The J-DOPPS, a sub-cohort of the DOPPS, is a prospective
observational study of Japanese patients receiving mainte-
nance hemodialysis. J-DOPPS analysis has reported a better
life expectancy for patients with maintenance hemodialysis
in Japan than in the United States and Europe, and a higher
use of arteriovenous fistulas in Japan [29, 30]. Recently,
it has been shown that the rate of adherence to treatment
plans (frequency and duration) and the number of physi-
cian visits are much higher in Japan than in Europe and the
United States [32]. The wide range of new findings from the
J-DOPPS will have a great impact on dialysis treatment in
Japan and is expected to contribute to further improvement
of patient outcomes.

Japanese Society for Dialysis Therapy Renal Data Registry
(JRDR)

The JRDR is a database based on an annual survey con-
ducted by the Japanese Society for Dialysis Therapy (JSDT),
which has accumulated data on approximately 870,000
patients undergoing dialysis. In the past, reference values for
guidelines have been formulated on the basis of the results
of analyses of this database. In recent years, a number of
important studies have emerged from this database that will
have an important impact on dialysis care in Japan, includ-
ing a study that showed an association between pre-dialysis
serum magnesium concentration and total mortality, cardio-
vascular death, and non-cardiovascular death at 1 year [33],
and a study that reported an association between hypona-
tremia and total mortality and cardiovascular risk [34].

Kyushu Prospective Cohort Study in Hemodialysis Patients
(Q-Cohort Study)

We have conducted the Q-Cohort Study since 2006, a pro-
spective cohort study of approximately 3600 patients on
chronic hemodialysis, with outcomes including all-cause
mortality, death from infection or tumor, major adverse car-
diovascular events (MACE), and new fractures. The clini-
cal background of included patients is very similar to that
of Japanese patients undergoing dialysis as of December
31, 2006, as compiled and published by the JSDT, except
for their longer dialysis time. To date, the following studies
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have been conducted: hypo-responsiveness to erythropoie-
sis-stimulating agents and increased risk of total mortality
and MACE [35], use of vitamin D receptor agonists (VDRA)
and decreased risk of infectious disease mortality [36],
hyperphosphatemia and increased risk of cerebral hemor-
rhage [37], increased cardiothoracic ratio and increased risk
of total mortality and MACE [38], muscle mass loss and
increased risk of fracture [39], treatment-resistant hyper-
tension [40], and multi-vascular disease and cardiovascular
prognosis [41]. We are currently conducting a follow-up
study to collect additional information such as cognitive
function and frailty in a new target population by establish-
ing a second population starting in 2019. The characteristics
of the cohort studies described in this manuscript are shown
in Table 1.

Biostatistical methods applicable to cohort
data

To extract high-quality evidence from observational data-
bases, it is necessary to apply appropriate methods of statis-
tical analysis that control for confounding and lead to precise
estimates. Currently, the search for novel disease risk mark-
ers is progressing, and the trend in clinical research is to
create risk models that incorporate risk markers to stratify
specific populations and test the efficacy of personalized
treatment based on accurate individual risk prediction. In the
following sections, we will outline the biostatistical methods
that we have used and the evidence we have derived using
these methods.

Risk prediction model

Clinical decisions regarding the diagnosis and treatment of
individual patients are routinely determined under the con-
straint of various uncertainties. Therefore, obtaining accu-
rate predictions of clinical prognosis is critically important
for patient management of any disease. We developed and
validated a clinical pathological prediction rule to calculate
the absolute risk of long-term kidney prognosis in a large
cohort of patients with immunoglobulin A (IgA) nephropa-
thy [42]. The prediction rule can stratify patients according
to the probability of future events by scoring clinical find-
ings and the results of diagnostic tests. Since it is obvious
that the internal validity of the prediction model generated
by the derivation sample is high, the external validity of
the model needs to be proved by testing the goodness of
fit to another independent population (validation sample).
Figure 1 shows brief summary of this study design. The
prediction rule we created had nearly equivalent predic-
tive performance for kidney prognosis in two independ-
ent cohorts (generation cohort, n=698; validation cohort,



Clinical and Experimental Nephrology (2022) 26:1-12

JJel uonen[y Ie[nIdWO[S PABWNSI Y,/H2 dSLISIP AQUPLY OIUOIYD (YD

[8¢€]

‘e 10 epansio ‘[6¢ ‘LE] Te 10

epewex ‘[1¢ ‘0t ‘9¢] ‘Te 10
eyeur], [c¢] “[e 30 ryonSug

[pel e
nyesiing ‘[e€] T 10 IyonSeyes

[cel e
uereS ‘[1¢] e 10 Moy, “[0€]
‘e 39 tosid ‘[62] 'Te 19 un{poon

[82] 'Te 10 eyeUR],
[LZ] ‘Te 12 ojowrewre
[92] 'Te 10 Tewy

[L1] Te 19 IprexRg
[91] T2 30 yrang

[G1] ‘Te 10 ueuuey

[¥1] T2 0
zyaoIng ‘[g1] ‘T8 30 Aokeqeg

‘le1] e 30 Anior (111 e 30
s1oAIN “[01] "Te 1 ySnomOoy

[S] Te 30 WS “[¥] Te 10 BT

ueder

uedef

[eqo1D

uedef

ueder

ueder
Auewron
S91BIS paru)

$S9)e1S palun)

S9Je)S PN

S9Je1S pajIUN)

QULIN ‘WNISS “BUWISE[

QuLIn ‘ewse[d
auLn ‘poorg
Qurnn ‘poorgq

aurnn ‘poorg

QULIN ‘WnIes ‘7eod APng

86S¢

L60°ELT

691¢

LYY

910)4

¥80¢

0€8

Cl9¢

62191

Y601

SISA[RIPOWOH

SISA[RIPOWOH

SISA[RIPOWOH

a3ewrep Aoupry Aue
PIM 09 <YADN 10 09> YAD?

6501 J459°

09 < ¥:ID? pue eLINuId)
-01d 11040 10 09—-0€¢ YID?
06-0¢ d4D?

0L—0C d4D°

09>3¥dD

$9-0C 44D

Kdeoy sisATerpowray Ie[
-nSa1 JuomIopun oym ‘I3p[o
pue s1eok g1 pasde syuanedinQ

(ueder ur syuoned

SISATeIp (e A[reau) Aderayy

juowraoe[dar feuar Jo adK)

Aue 3uro3iopun ‘I19p[o pue
sIeok g1 pase syuaned sisATeIq

Ioplo pue
sIeaA g so3e ‘SIsA[erpowray
Surateoar syuaned (3D

(Apmg 11040D-0) s1uaned
SISA[eIpOWoY ur Apms
11040D) 2A13dso1qd nysnAy|

(aar) £n

-S139Y ey [eudy Aderoyg,
SISATe1(] 10y A19100§ asauedef

(Sddod-1) Apmsg suio)

-Jed 901)0RIq pPUE SOWONQ

sisAerq uedef ‘(SddOQ)

Apmg suloped 201081
pue sawodnQ sIsA[erq

syuaned sIsATerpoway Jo SQIpNIS 11040

IOp[O pue SIedk §
sage ‘syuened 3D osoueder

ao

U syuanedino asoueder
G/—0g sa3e ‘ueder

ur SuIAl] SueIsy pue asoueder

¥/~81 $d3e ‘ueIseone))
S1eA 9T—T soSe ‘uaIpqIy)

1/—1C S93® ‘9SIOAIp A[[eIoRy

uorsudlradAy
IO ‘SMI[[OW S)IQRIP ‘OSBISIP
Kaupry jo A10)STy A[Tuuej €
10 ‘uoIsu9ddAy Jo smfow
$910qeIp Jo K10ISIY “1Op[O
IO PIO SIE9A QT YIm S)NPY
SH ww Gg uey) 9IOW dINS
-sa1d poojq JIoISLIp ‘0L~8T
soSe ‘SUBOLIOWY UBILIFY

Apmis (I31) AnsiSoy
9seasIp Aoupry] eyonyng

Apmis oA1u0D)

(OVI-G31D) Hoyo) uvder
9sBASI( AQupry] d1uoIyD

Apmis (A3[DD) dseasiq
Aaupry[ oTUOIY)) UBWIAD

(@n1d) uaIpiy)
ur 9seasI( ASupry] o1uoIyD

(draD) 1oyop
Kouaroygnsuy [euay d1uoIyD

(da9>)) wrersord
uonen[eAq A[Teqg Asupry]

(ISVV) uorsua)

-1odAH pue aseasi Adupry]
Jo Apmig UBOLIOWY UBILIY

syuaned (3D Juapuadap sisA[eIp-uou Jo saIpnis 110Yo))

[ydrrosnuew oy
ul SIoquINU UoneIr)] SeoUIYY

uor3ar oryder3oan

Jqerreae uswoadsorg

sjuaned
Po[[oIud
Jo Joquuny

NE

€L°T/uIw/ TW ‘uonouny [euy

sjuedronred

Apms

9sBAsIp Aoupry OrIoIyd Yiim syuaned Jo Apmis 110Y0d aanejussaidar oy, | dqel

pringer

a's



Clinical and Experimental Nephrology (2022) 26:1-12

Fig. 1 Brief summary of study
design. Abbreviations: IgAN
immunoglobulin A nephropa-
thy; eGFR estimated glomerular

Derivation cohort
698 patients with primary IgAN
diagnosed by kidney biopsy

between 1982-2010

Validation cohort
702 patients with primary
IgAN biopsied between
October 1979-2002

filtration rate; ESKD, end-stage
kidney disease

erification for

usefulness of our
prediction rule.

n="702), demonstrating its usefulness for stratifying the risk
of developing ESKD using absolute risk in individual cases.
Recently, Ueki et al. developed a risk model for the develop-
ment of CVD consisting of risk factors such as age, history
of CVD, diabetic nephropathy, history of dialysis, serum
albumin concentration, and urinary protein at 1 year after
transplantation in a cohort of kidney transplant recipients;
the model showed good external validity in an independent
external cohort [43]. Such prediction rules to guide initial
treatment decisions will contribute to the realization of per-
sonalized medicine through validation in future prospective
observational studies and clinical trials.

Risk reclassification

In recent years, the development of high-throughput meas-
urement technologies has led to comprehensive exploratory
studies of candidate compounds of interest in drug discovery
and biomarker discovery research. The process of statistical
validation is essential for the identification of new risk mark-
ers that can be applied to clinical practice. It is not enough
for a novel risk marker to be an independent contributor to
risk; it must also provide additional value in risk prediction
over known and established risk markers. In other words,
the relevance of a new risk marker should be assessed as
an indicator of improved predictive performance of the risk
model. The following criteria have been proposed for the
evaluation phase of novel risk markers [44]: (i) discovery
of novel marker; (ii) validation in a prospective cohort; (iii)
confirmation of improved risk prediction; (iv) validation of
clinical utility; (v) confirmation of improved clinical progno-
sis in interventional studies; and (vi) improvement in medi-
cal economy.

Receiver Operating Characteristic (ROC) curve, net
reclassification improvement (NRI), and integrated dis-
crimination improvement (IDI) are frequently used as
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indices to evaluate the improvement of risk prediction
ability of models in observational studies. The ROC curve
is a two-dimensional graph that represents the discrimina-
tory performance of a diagnostic test. The curve is drawn
as a line plotting the true positive rate and false positive
rate for each cutoff point that distinguishes abnormal from
normal. The area under the ROC curve is called area under
the curve (AUC), and an AUC value close to 1 means that
the discriminatory ability of the diagnostic test is high.
Reclassification is a statistical technique that examines
how many patients can be reclassified by adding a new
test or biomarker to an existing model for predicting the
probability of the presence of a disease event. NRI can
give clinical information about quantitative improvements
by adding new biomarkers to traditional models. IDI can
show that the addition of a new biomarker can improve
sensitivity without sacrificing specificity. Therefore, the
NRI and IDI are more sensitive than the AUC of ROC
analysis, which shows improved predictive value [45, 46].
Figure 2 shows how Model 1 (existing model) is compared
to Model 2 (new model) to calculate NRI and IDI val-
ues using the percentage of the population that has been
reclassified.

We investigated whether serum bilirubin could be a bio-
marker for the development of ESKD in an IgA nephropa-
thy cohort [47]. In this study, we found that serum bili-
rubin is an independent risk factor for the development
of ESKD, and the C-statistic of the model incorporating
bilirubin level was improved compared with the conven-
tional model using only risk factors. Evaluation using net
reclassification improvement and integrated discrimina-
tion improvement also showed a significant improve-
ment in risk discrimination. Such risk model evaluation
emphasizes the value of serum bilirubin as a potential bio-
marker for predicting kidney prognosis in patients with
IgA nephropathy.
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Reclassified Reclassified
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Fig.2 Graphical representation of NRI (A) and IDI (B) for disease
events. The NRI plot shows the proportion of individuals reclassified
to higher or lower risk after the addition of biomarkers to the clinical

Propensity score and instrumental variable
methods

Covariate adjustment using the propensity score is useful to
estimate the causal effect of treatment in observational stud-
ies where random assignment is not made and various types
of confounding are likely to occur. The propensity score is
the conditional probability of receiving the treatment rather
than the control, given the observed covariates [48]. Spe-
cific adjustment methods using propensity scores include
matching, stratification, analysis of covariance and inverse
probability of treatment weighting (IPTW). The advantages
and disadvantages of each statistical method are shown in
Table 2. We used IPTW and instrumental variable methods
to evaluate the effect of VDRA on infection-related mortality
in a cohort of approximately 3500 hemodialysis patients (Q
cohort study) [36]. We found a significant reduction in the
risk of infection-related mortality in the intravenous group
(n=492) compared with the untreated group (n=1007),
and similarly, a significantly lower risk of mortality in the
intravenous group compared with the oral group (n=1878).

A limitation of the propensity score method is that the
effects of unmeasured or unknown confounders cannot be
adjusted. The best way to adjust for unmeasured confounders
is to conduct RCTs; however, the ethical and cost burdens
of conducting such studies make it difficult to implement
in practice. Therefore, in recent years, the adjustment of
unmeasured factors using the instrumental variable method
has been attempted. An instrumental variable is a factor that
is associated with the exposure but not with the outcome
[49]. The objective of the instrumental variable, which
affects the treatment group independently of the observed

(B)
Absolute IDI = (0.272-0.168) + (0.65-0.56) = 0.19
Relative IDI = (27.2-5.6)/(16.8-6.5) - 1= 1.10

! !

Mean probability decreased
by 0.9% for Non-events

Mean probability increased
by 10.4 % for Events

= 50 0.9/6.5 = 13.9% 10.4/16.8 = 61.9%
< improvement improvement
= 40
g 30 272
el
[
g 20 16.8
el
o
g 10 6.5 5.6
[
:, [ mm | \
Model1 Model2 Model1 Model2
Non-events Events

model. The IDI plot shows the mean predicted probability of disease
events according to the prior (Modell) and novel (Mode2) models

values, is to mimic the randomization of subjects into the
treatment group. A schematic representation of the Instru-
mental variable method is shown in Fig. 3. In the study
described above, we applied both propensity score analysis
and instrumental variable methods to test the robustness of
the analysis results. The results showed that the results dif-
fered depending on the incorporation of nutritional indica-
tors into the model, suggesting that residual confounding
related to nutrition may have affected the treatment effec-
tiveness of VDRA.

System for promoting cohort studies

The most important points in promoting cohort studies are
the establishment of a research organization and the devel-
opment of human resources. The overall direction of the
research analysis must be controlled under the supervision
of the steering committee, which deliberates on the project
plan, ethics, and validity of the study. The biostatistics team
scientifically deliberates on the selection of analysis methods
and the validity of results and supports the quality of the
study in terms of research design and analysis. A clinical
research coordinator who is in charge of the field research
that forms the basis of the research, such as research registra-
tion and follow-up, is an important element in controlling
the accuracy of cohort studies [28].

The involvement and training of researchers with exper-
tise in clinical epidemiology research is essential for the
smooth functioning of such a research organization and for
ensuring the sustainability and development of cohort stud-
ies. In other words, researchers involved in cohort studies
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Table 2 Comparative characteristics of causal analysis methods

Analysis methods

Advantages

Disadvantages

Conventional covariate adjustment

PS methods (Overall)

PS-matching

Analysis of covariance using PS as a covariate

PS-stratification

Provides prognostic model for outcome of
interest

No need to set up regression models for
covariates and dependent variables

A large number of covariates can be reduced
to a one-dimensional PS

Robustness to model misconfigurations

Easily understandable in presenting and inter-
preting analysis results

All variables of interest are well balanced
across comparison groups

Estimates the average treatment effect for
patients who received typical treatment

Retains data from all study participants

Retains data from all study participants
Can provide effect estimates for each stratum

Some confounders may not remain unbalanced
between groups

May not be suitable for studies with small sam-
ple sizes and many covariates

Unable to control for unknown or unmeasured
confounding factors

Selection criteria for matching pairs is arbitrary

Data of subjects who are not selected as a pair
is wasted

Standard errors of causal effect estimates cannot
be calculated accurately

Assumption of a linear relationship between PS
and the dependent variable

When the number of stratums is large, the esti-
mation accuracy is poor, especially for data

IPTW

Retains data from all study participants

sets with few outcomes
Standard errors of causal effect estimates cannot
be calculated accurately

Unstable when extreme weights occur

Creates a pseudo population with perfect

covariate balance

Instrumental variable

Randomized control trials

Causal effects can be accounted for measured
as well as unmeasured factors

All variables of interest, including measured

Difficult to find a strong instrumental variable
in addressing many assumptions

High barriers in terms of cost, effort, and ethics

as well as unmeasured factors, can be per-
fectly balanced across comparison groups

PS propensity score; IPTW inverse probability of treatment weighting

Observable Risk Factors

Instrumental
Variables

» Outcome

» Treatment

Fig.3 Schematic representation of the Instrumental variable method

not only conduct statistical analysis using the constructed
database and write manuscripts, they also should actively
participate in the process of data collection and management
and experience the entire process of clinical epidemiology
research. Furthermore, they should participate in a series
of clinical epidemiology research processes, from conceiv-
ing the research questions to specific research planning and
protocol development. Through repetition of such practical
learning, students will be encouraged to acquire the research
execution skills to promote clinical research. Researchers

@ Springer

who are skilled in clinical epidemiology research, and who
have successfully completed a series of on-the-job training
programs, form the most important basis for long-term fol-
low-up of cohorts and addressing new developments.

Conclusion

In this review, we aimed to elucidate prognostic factors and
validate the effects of treatment through the description and
analysis of cohort studies conducted among patients with
CKD. To extract high-quality evidence from observational
databases that can lead to disease prevention and interven-
tion studies, it is necessary to apply appropriate statistical
analysis methods. The search for novel disease risk markers
is now underway, and risk models incorporating risk mark-
ers that stratify specific populations must be created to verify
the effectiveness of personalized treatment based on accurate
individual risk prediction. For the long-term maintenance
and development of cohort studies, in addition to the estab-
lishment of research organizations to ensure the quality of
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research, training of clinical researchers who are familiar
with the process of clinical epidemiological research and
who have the ability to manage practical affairs is required.
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