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ABSTRACT

Background: Chronic kidney disease (CKD) is globally one of the leading causes of disease burden. Risk
of death from cardiovascular disease was twice as high in CKD as non-CKD patients. Thus, knowing its risk and
prognostic factors should help to identify patients at risk, and establish effective strategies for prevention of CKD
occurrence. Therefore, CKD progression can be properly managed. A series of three studies were conducted to address
these issues.

Objectives: 1) To compare efficacy of renin angiotensin system (RAS) blockers with other active drugs or
placebo with respect to end-stage renal disease (ESRD), doubling of serum creatinine, macro-albuminuria, micro-
albuminuria, and promotion of albuminuria regression in type 2 diabetic subjects. 2) To determine the median time of
changing glomerular filtration rate (GFR) categories and probability of kidney failure (KF)/death separately in diabetic
and non-diabetic subjects. 3) To assess the role of small solute clearance index (rKt/V, tKt/V, and tCrcl) on death in
continuous ambulatory peritoneal dialysis (CAPD) patients.

Methods: For the first objective, a systematic review and network meta-analysis of randomized controlled
trials was performed to evaluate the reno-protective effects of RAS blockers. Randomized controlled trials were identified
from Medline and Embase up to April 2011. Data were independently extracted by two reviewers. A random effect model
was applied to pool treatment effects. For the second objective, a population-based retrospective cohort of CKD
progression was conducted using community-health screening, hospitals, and death registry data in Ubon Ratchathani
province from 1997-2011. A competing risk model was applied to estimate the probability of KF and median time for
CKD progression. For the last objective, a retrospective cohort study of patients receiving CAPD was conducted during
2008 and 2011. A receiver operating characteristic curve was applied to calibrate the cutoffs of rKt/V, tKt/V, and tCrcl.
Kaplan-Meier and time-varying covariate cox-regression were applied to estimate overall death and prognosis.

Results: For efficacy of RAS blockers, a network meta-analysis detected significant treatment effects
across all outcomes, i.e., 62% significantly lower risk of ESRD (pooled risk ratio (RR)=0.38, 95% CI: 0.31, 0.47); 77%
significantly lower risk of serum creatinine doubling (pooled RR=0.23, 95% CI: 0.09, 0.57); 39% significantly lower risk
of macro-albuminuria (pooled RR=0.61, 95% CI: 0.47, 0.77); 39% significantly lower risk of micro-albuminuria (pooled
RR=0.61, 95% CI: 0.45, 0.83) when compared to other anti-hypertensive drugs; and 16% more likely to promote
regression of albuminuria when compared to dihydropyridine calcium channel blockers (d-CCB). For CKD progression,
diabetic subjects progressed more rapidly through GFR categories with the median times for CKD progression from GFR
categories G1 to G2, G2 to G3a, G3a to G3b, G3b to G4, and G4 to G5 of 4.4, 6.1, 4.9, 6.3, and 9.0 years, respectively.
Non-diabetic subjects had the corresponding median time of 9.4, 14.0, 11.0, 13.8, and >14.3 years. Diabetic subjects were
49% (case-specific hazard ratio (HR)=1.49, 95% CI: 1.37, 1.42) more likely to develop KF than non-diabetic subjects. For
CAPD, the rKt/V and tKt/V cutoffs were 0.25 and 1.75, respectively. The risks of death for those above these cutoffs were
57% (HR=0.43, 95% CI: 0.31, 0.60), and 29% (HR=0.71, 95% CI: 0.52, 0.98) lower for rKt/V and tKt/V, respectively.

Conclusion: We have demonstrated the specific reno-protective effects of RAS blockers in real clinical
outcomes, i.e., ESRD & doubling of serum creatinine in type 2 diabetic subjects compared with other anti-hypertensive
drugs and placebo using a network meta-analysis. CKD progression from less advanced GFR categories to KF was twice
as rapid in diabetic as non-diabetic subjects. We have calibrated the cutoffs of rKt/V and tKt/\V which could be used to
predict prognosis in CAPD patients.

KEY WORDS: RENO-PROTECIVE EFFECT, RAS BLOCKADE, CKD PROGRESSION, CAPD
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CHAPTER |
INTRODUCTION

1.1 Background and Rationale

Chronic kidney disease (CKD) is now recognized as one of the leading
causes of disease burden globally. The prevalence of CKD with glomerular filtration
rate (GFR) categories 1 (G1) to 4 (G4) were 13.1% to 17.5% in the adult US and Thai
populations, respectively (1, 2). Although a small numbers of CKD subjects from G1
to G4 (approximately 1.1% to 19.9% ) progress to G5 (kidney failure, KF) requiring
dialysis or kidney transplantation, a large numbers of CKD subjects die from any
cause before reaching dialysis state (i.e., 19.5% to 45.7%) (3-6).

Comparing to those without CKD, subjects with CKD were approximately
2 times more likely to die from any cause or from cardiovascular disease (CVD) (3, 7).
Thus, knowing the risk factors of CKD or prognostic factors of CKD progression to
KF/death should lead to identify subjects who are at risk. Effective strategies for
prevention of CKD occurrence and its progression could therefore be properly
implemented.

Many studies had reported risk factors of CKD/KF and diabetes was one
among those important risks (8, 9), i.e., diabetic subjects were approximately 2.6 times
higher risk of CKD than non-diabetic subjects. Effective treatments for prevention of
KF and CVD events in general population have been demonstrated by recent meta-
analyses (10-12). These treatments included renin-angiotensin system (RAS) blockers,
beta-blockers, and statins for either primarily treating CKD or treating associated co-
morbidities (e.g., diabetes, hypertension, or dyslipidemia). However, the reno-
protective effects of RAS blockers in type 2 diabetes, have been controversial.

Several previous community-based studies (3, 5-7, 13-16) have assessed
the course of CKD progression in general populations, although, none has yet
estimated the time for changing kidney function and the probability of KF or death
according to each GFR category, particularly for early stages of G1 and G2. Although
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some studies had large overall sample sizes (3, 14), most of them had relatively low
numbers of subjects for each GFR category, lacked information on progression
through GFR categories (3, 5-7, 13, 14, 16), had short follow-up times (5, 6, 14, 15),
and were thus unable to assess the probability of KF or death. In addition, a high
proportion of CKD subjects died before reaching KF, therefore estimating the rate of
KF occurrence without taking into account death as a competing risk would yield
biased results (17).

As CKD advances, the kidney progressively loses its excretory and
homeostasis functions and eventually becomes KF. Renal replacement therapy (i.e.,
renal transplantation or dialysis) is usually required for KF subjects. Two dialysis
modalities, i.e., hemo-dialysis and continuous ambulatory peritoneal dialysis (CAPD),
have been widely used. The numbers of patients on CAPD has been growing rapidly
in Asian countries, representing about 71% of dialysis patients in Hong Kong, and
21% in Thailand in 2011 (18). The usage of four 2-L daily exchanges with double-bag
disconnected systems has been a standard CAPD regime which has been covered by a
benefit package of the universal coverage scheme in Thailand since 2008. Adequacy
targets for CAPD are primarily based on the weekly clearances of urea (Kt/V) or
creatinine (Crcl) which are expressed as renal Kt/V (rKt/V), peritoneal Kt/V (pKt/V),
total Kt/V (tKt/V); or renal Crcl (rCrcl), peritoneal Crcl (pCrcl), and total Crcl (tCrcl),
respectively. The effect of rKt/VV on survival in CAPD patients has been well-
documented (19-27), but the roles of pKt/V, tKt/V and tCrcl are controversial. Some
studies (22, 28) found that higher pKt/VV and/or tKt/V were associated with longer
survival times, whereas some observational studies (19-21, 23-25) and randomized
controlled trials (26, 27) did not find such associations.

This thesis was therefore conducted, which consisted of a series of three
studies as follows: first, a systematic review and meta-analysis of RAS blockade
(Chapter I1); second, epidemiological study of chronic kidney disease progression
among a large-scale population-based cohort (Chapter IlI); and third, prognostic
factors of all-cause mortalities in patients receiving continuous ambulatory peritoneal
dialysis (Chapter 1V).
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1.2 Research questions

For systematic review:
1.2.1 Did RAS blockers have specific reno-protective effects beyond blood
pressure lowering effects when compared to other anti-hypertensive drugs in type 2

diabetic subjects?

For CKD progression:

1.2.2 What were the median times of changing from lower GFR categories
to higher GFR categories in diabetes and non-diabetes?

1.2.3 What were the probabilities of death according to each
GFR/albuminuria category in diabetes and non-diabetes?

1.2.4 What were prognostic factors of CKD progression to KF, death
before and after KF?

For CAPD:

1.2.5 Were tKt/V, rKt/V, and tCrcl associated with death in KF subjects
treated with CAPD? If yes, what were their cutoff thresholds that could be used to
discriminate dead and alive subjects?

1.2.6 What were prognostic factors of death in patients receiving CAPD

treatments?

1.3 Research objectives

For systematic review:

To compare the reno-protective effects of RAS blockers with other
antihypertensive drugs including beta-blockers, calcium channel blockers, and
diuretics and placebo in type 2 diabetic subjects with following specific objectives

1.3.1 To estimate direct and indirect effect of angiotensin converting
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enzyme inhibitor (ACEI) / angiotensin receptor blocker (ARB) on end-stage renal
disease (ESRD)

1.3.2 To estimate direct and indirect effect of ACEI/ARB on doubling
creatinine

1.3.3 To estimate direct and indirect effect of ACEI/ARB on micro-
vascular complications

1.3.4 To estimate direct and indirect effect of ACEI/ARB on micro-
/macro-albuminuria

1.3.5 To estimate direct and indirect effect of ACEI/ARB on micro-
/macro-albuminuria

1.3.6 To estimate direct and indirect effect of ACEI/ARB on albuminuria

regression

For CKD progression:

1.3.7 To estimate probability of CKD progression changing forward from
Gl to G2, G2 to G3a, G3a to G3b, G3b to G4, and G4 to G5 separately by diabetes
and non-diabetes

1.3.8 To estimate cause specific hazard ratio of diabetes on kidney failure
and death using a competing risk model with adjusting for baseline characteristics and
co-morbidities

1.3.9 To identify the other prognostic factors of CKD progression to
KF/death

For CAPD:

1.3.10 To assess the optimum cutoffs of tKt/V, rKt/V, and tCrcl on death
in subjects receiving CAPD treatments

1.3.11 To identify the prognostic factors of death in subjects receiving
CAPD treatments

1.4 Conceptual framework

The conceptual framework has been shown in Figure 1.1
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Part 2: Prognosis of CKD:
Epidemiological study of CKD progression

Part 3: Treatment of CKD:
Prognostic factors of death & roles of
small solute clearance in CAPD

Kidney failure

Part 1: A systematic review of RAS blockade:
Reno-protective effects of RAS blockade
in type 2 diabetic subjects

CKD, chronic kidney disease; CAPD, continuous ambulatory peritoneal dialysis;
DM, diabetes mellitus; HT, hypertension; CVD, cardiovascular disease;
BMI, body mass index; RAS, renin-angiotensin system

Figure 1.1 Conceptual framework
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CHAPTER I
RENO-PROTECTIVE EFFECTS OF RENIN-ANGIOTENSIN
SYSTEM BLOCKADE IN TYPE 2 DIABETIC PATIENTS: A
SYSTEMATIC REVIEW AND META-ANALYSIS

2.1 Introduction

Diabetic nephropathy is a significant health and economic burden across
the world. The prevalence of micro- and macroalbuminuria in type 2 diabetes is as
high as 37 — 40% in western countries and 57.4 — 59.8% in Asian countries (1-3).
Microalbuminuria is a well-established risk factor for cardiovascular disease and is
also associated with ESRD (4-7). Preventive treatments have been prescribed for type
2 diabetes with or without hypertension with the aim of lowering BP, and delaying or
even preventing the progression of diabetic nephropathy. The reno-protective effects
of RAS blockers in type 2 diabetes have been controversial (8). A few systematic
reviews have been conducted (9-11), but these reviews pooled studies with mixed
populations of participants with type 1 and type 2 diabetes, with and without diabetic
nephropathy, and the focus was mainly on surrogate rather than clinical outcomes. We
therefore conducted a systematic review and meta-analysis comparing the effects of
ACEI/ARB with other antihypertensive drugs and placebo on ESRD, doubling of
serum creatinine, microvascular complications, micro- and macro-albuminuria and

regression of albuminuria.

2.2 Methods

2.2.1 Study selection
English-language publications were identified from Medline (1949 — July
2011) and Embase (1974 — April 2011) using PubMed and Ovid search engines.
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Search terms and strategies for Medline were as follows: (type 2 diabetes or type 2
diabetes mellitus or type 2 DM or non-insulin dependent diabetes) and (ACEI or
angiotensin-converting enzyme inhibitors or ACE inhibitors or ARB or angiotensin
receptor blockers*) and (nephropathy or overt nephropathy or micro-albuminuria or
macro-albuminuria or micro-vascular complications or doubling serum creatinine or
ESRD or end-stage renal disease or urinary albumin excretion). We also searched for
any additional studies in the reference lists of identified publications. Data from the
most recent or the most complete report by the same authors were used. We restricted
our searches to clinical trials.

Studies with the following criteria were included:

0 Type 2 diabetic adult individuals

0 Randomized controlled trial (RCT) comparing any single ACEI/ARB
with other single agents (i.e., beta-blocker (BB), calcium channel blocker (CCB),
diuretics) or placebo

0 Had at least one of the following outcomes (i.e., microalbuminuria,
macroalbuminuria, albuminuria regression, micro-vascular complications, serum
creatinine doubling and/or ESRD),

0 Reported number of patients and events in each treatment arm

Studies with the following criteria were excluded:

o Crossover trials,

0 Used dual therapies

o0 Compared different dosages of ACEI/ARB

2.2.2 Outcome measures

The outcomes of interest were ESRD, doubling of serum creatinine, micro-
vascular complications, macro-albuminuria, micro-alouminuria and regression of
albuminuria. ESRD was defined as a requirement for renal replacement therapy or
dialysis. Doubling of serum creatinine was defined as an increase in serum creatinine
level of at least two times compared with baseline level. Micro-vascular complications
were defined as a composite of having nephropathy and/or retinopathy. Micro-
albuminuria was defined as urine albumin excretion rate of 30 — 300 mg/24 h for 24-

hour urine collection, 3.5 — 35 mg/mmol for urinary albumin/creatinine ratio from a
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spot urine collection, or 20 — 199 pg/min for timed urine collection. Macro-
albuminuria was defined as urine albumin excretion rate > 300 mg/24 h, > 25
mg/mmol creatinine or > 200 ug/min for the same specimens, respectively. Regression

of albuminuria was defined as a change from a higher to a lower stage of albuminuria.

2.2.3 Data extraction

Two investigators (P. Vejakama and D. Lertrattananon) independently
extracted data, including study and participant characteristics (e.g. age, blood pressure,
albuminuria stage, serum glucose, and HbAlc) and numbers of events across
intervention groups. Discrepancies were discussed with a third party (A. Thakkinstian)

and resolved by consensus.

2.2.4 Risk of bias assessment
Risk of bias was assessed using the Cochrane Collaboration’s tool addressing six
domains: sequence generation, allocation concealment, blinding of participants and
outcome assessors, incomplete outcome, selective outcome reporting and other source
of bias. Risk of bias was considered low if plausible bias was unlikely to seriously
alter the results (low risk for all key domains within study and most information at low
risk across studies), unclear if it raises some doubt about the results (unclear risk for
one or more key domains within study & most information at low or unclear risk
across studies), and high if it seriously weakens the confidence of the results (high risk
for one or more key domains within study & proportion of information at high risk
across studies is sufficient to affect the interpretation of the results). Two investigators
(P. Vejakama and D. Lertrattananon) independently completed the assessments and
discrepancies were discussed with a third party (A. Thakkinstian) and resolved by

consensus.

2.2.5 Statistical analysis

For direct meta-analysis, the intervention of interest was ACEI/ARB
mono-therapy, while the comparator group was any antihypertensive drug or placebo.
Pooled RRs were used to compare treatment effects using a fixed or random-effect

model where appropriate as in the following equations:
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Fixed effect model (Inverse-variance method)
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Q test and I? statistic were used to assess the presence and degree of
heterogeneity as equations below:

Q=X Wi(6; — 6,)

0; =In(ef fect size) e.g., InOR;, In RR;, In HR;

8, = In(pool ef fect size)

_ 1

LT varin(6;)

Q ~Chi-square with k-1 degree of freedom

If heterogeneity was present or 1> > 25%, the random-effects model was
applied, otherwise the fixed-effects model was used. Sources of heterogeneity
including clinical and methodological variation were explored using meta-regression.

The Harbord test and a funnel plot were applied to assess publication bias (12). If



Fac. of Grad. Studies, Mahidol Univ. Ph.D.(Clinical Epidemiology) / 13

either suggested asymmetry of the funnel, contour-enhanced funnel plots were used to
distinguish the cause of asymmetry (i.e. heterogeneity and reporting bias) (13, 14).

A network meta-analysis (15-17) was performed to compare indirectly all
treatment effects. Summary data for treatments and outcomes were expanded to the
individual patient level. A Poisson regression analysis was applied by fitting treatment

variable on dichotomous outcome as in the following equation:

Yii = By + B;Treatment; + ¢’ +¢;,

Where y;; binary distribution, which linked with independent variables using a family

of log-link function ¢, is random effect with normal distribution as Ci =~ NQO.v)

The error term ¢;; is normal distribution with mean 0 and variance of 0, €;;~N (0, 6).

The pooled RRs and 95% ClIs were then estimated by exponential
coefficients estimated from the Poisson regression. The point estimate (incidence rate
ratio) along with 95% CI for each treatment comparison was computed by linear
combinations of estimators. All analyses were performed using STATA version 11
(Stata Corp., College Station, TX, USA). P values less than 0.05 were considered
statistically significant, except for the test of heterogeneity where p < 0.10 was used.
For more details in statistical analysis commands, see Appendix I.

2.3 Results

Of the 673 articles located, full papers of 153 plus four additional studies
from reference lists were reviewed, leading to data pooling for 28 studies (see Figure
2.1). The characteristics of these studies have been described in Table 2.1. The major
ACEI/ARBs used were enalapril 32%), followed by lisinopril (10.7%) and ramipril
(10.7%). The majority of comparators were dihydropyridine CCBs (d-CCBs; 43%),
placebo (39%), or BB/diuretic/non-dihydropyridine CCBs (nd-CCBs; 18%). The
assessments of risk of bias have been described in Table 2.2. Numbers of individuals

are summarized according to the treatments and outcomes of interest (Tables 2.3 -
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2.9). Problems with incomplete outcome reports were least frequent in 2/28 (7.1%)
studies (18, 19), followed by other sources of bias in 5/28 (17.9%) (18, 20-23) and
selective reporting of outcomes in 5/28 studies (17.9%) (18, 21, 22, 24, 25). Although
all studies were RCTs, only 14 (50.0%) studies clearly described randomization (21,
25-37) and allocation concealment (21, 22, 26-29, 31, 33-39).

2.3.1 Direct meta-analysis

ESRD

Nine studies (20, 21, 24, 26, 29, 30, 33, 34, 40) reported the effect of
ACEI/ARB on ESRD (n = 13,295). Of these, five studies (20, 21, 26, 30, 40)
compared ACEI with other anti-hypertensive drugs (three BB, two d-CCB), three (24,
29, 34) compared ACEI with placebo, and one (33) compared ARB with d-CCB and
placebo (Table 2.3).

Six studies (20, 21, 26, 30, 33, 40) directly compared ACEI/ARB with
other active drugs (n = 1,090 vs 1,055); four were trials that studied patients with
macro-albuminuria whereas the other two studied mixed patients with micro- and
macro-albuminuria.

The treatment effects were homogeneous (¥* = 1.54, df =5, p = 0.908, I>=
0.0%), suggesting that ACEI/ARB reduced the risk of ESRD by 18% (pooled RR =
0.82, 95% CI: 0.64, 1.05, see Figure 2.2A). However, this result was not statistically
significant (Table 2.3). Neither the Harbord test nor a funnel plot (Figure 2.4A.i)
suggested publication bias (coefficient = —0.001, SE = 0.436, p = 0.998).

For placebo controls, pooled estimates based on four studies (24, 29, 33,
34) (n = 5,581 vs 5,569) demonstrated homogeneous treatment effects (¥® = 1.11, df =
3, p = 0.774, 12 = 0.0%; Figure 2.2A) despite a mix of patients with normo-, micro-
and macro-albuminuria. ACEI/ARB significantly decreased the risk of ESRD by 20%
(pooled RR =0.80, 95% CI: 0.69, 0.93, Table 2.6). Although the Harbord test was not
significant (coefficient = 1.220, SE = 0.311, p = 0.059), the contour-enhanced funnel
plot showed asymmetry (Figure 2.4A.ii). One high-precision study fell in the
significant area (grey shading) whereas the other three (one high and two low

precision) were in the non-significant area. Applying ‘trim and fill’ suggested two
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low-precision studies (square symbols) were missing and adding these studies yielded
a pooled RR of 0.78 (95% CI: 0.68, 0.91) with I? = 0%.

Doubling of serum creatinine

Six studies (20, 24, 29, 33, 34, 39) reported the effect of ACEI/ARB vs
other anti-hypertensive drugs on doubling of serum creatinine (n = 16,216), and five
studies (24, 29, 33, 34, 39) reported ACEI/ARB vs placebo (Table 2.4).

The treatment effects of ACEI/ARB vs antihypertensive drugs (n = 597 vs
601) were homogeneous (¥* = 0.76, df = 1, p = 0.382, 1> = 0.0%) with a pooled RR of
0.66 (95% CI: 0.53, 0.83; Figure 2.2B), suggesting a significant reduction in risk of
34%.

The ACEI/ARB effects were also present when compared with placebo
(n=7,831vs 7,784). The pooled RR was 0.76 (95% CI: 0.69, 0.84), indicating a 24%
lower risk of serum creatinine doubling. The pooled effect was homogeneous
(x> = 1.67, df = 4, p = 0.796, 1> = 0.0%) without publication bias (Harbord test
coefficient = 0.629, SE = 0.908, p = 0.538; Figure 2.4B).

Micro-vascular complications

Of five studies (24, 26, 31, 32, 37) (n = 6,489), only one (26) compared
ACEI/ARB with active drug; the other four (24, 31, 32, 37) compared ACEI/ARB
with placebo (Table 2.5). Compared with placebo controls (n = 2,847 vs 2,884),
ACEI/ARB significantly reduced the risk of micro-vascular complications by 15%
(pooled RR = 0.85, 95% CI: 0.76, 0.97), with low heterogeneity (x> = 3.34, df = 3,
p = 0.342, 1> = 10.3%; Figure 2.2C) and without publication bias (Harbord test
coefficient = —1.51, SE = 0.53, p = 0.105; Figure 3.4C). In addition, the ACEI/ARB
group (n = 2,884) had a significantly lower risk of retinopathy (13% lower, pooled RR
=0.87, 95% CI: 0.76, 0.99) with low heterogeneity (y* = 3.51, df = 3, p = 0.319, I =
14.6%).

Macro-albuminuria
Twelve studies (19, 21-26, 32, 36, 38, 41, 42) reported ACEI/ARB effects
on macro-albuminuria (n = 5,151) with ACEI/ARB vs other therapies (five with



Phisitt Vejakama Systematic Review and Meta-Analysis / 16

d-CCB, one with diuretic, one with BB and one with BB/diuretic) in eight studies (19,
21-23, 25, 26, 36, 38) and placebo in five studies (24, 32, 36, 41, 42) (Table 2.6). Eight
trials (19, 22, 25, 26, 32, 36, 38, 41) (n = 1,401) studied patients with micro-
albuminuria, and four (21, 23, 24, 42) (n = 3,761) studied mixed patients with normo-
and micro-albuminuria.

Direct pooled estimates of treatment effects between ACEI/ARB and other
anti-hypertensive drugs (n = 641 vs 653) of eight trials (19, 21-23, 25, 26, 36, 38) were
homogeneous (y* = 5.24, df = 7, p = 0.631, I?> = 0.0%; Figure 2.2D) with borderline
significant risk reduction of 29% (pooled RR = 0.71, 95% CI: 0.50, 1.00). Neither the
Harbord test nor the funnel plot suggested publication bias (coefficient = —0.733,
SE =0.828, p = 0.410; Figure 2.4D.1).

Among five placebo-controlled trials (24, 32, 36, 41, 42) (n = 1,950 vs
1,918), the pooled RR was 0.45 (95% CI: 0.26, 0.79) with moderate heterogeneity
(x> = 8.64, df = 4, p = 0.071, 1> = 53.7%); Figure 2.2D). This suggested that ACEI/ARB
significantly reduced risk of macroalbuminuria by 55%. The Harbord test suggested
asymmetry of the funnel plot (coefficient = —2.043, SE = 0.547, p = 0.033). The
contour enhanced funnel plot showed that one-half of the studies included were in the
high- and non-significance areas (Figure 2.4D.ii), suggesting treatment-effect
heterogeneity. Meta-regression analysis fitting type of patient (micro-albouminuria and
mixed patients) reduced the degree of heterogeneity (I1?) from 53.7% to 0%. Subgroup
analysis performed in patients with micro-albuminuria and mixed micro- and macro-
albuminuria yielded pooled RRs of 0.31 (95% CI: 0.18, 0.57) and 0.45 (95% CI: 0.26,
0.79), respectively.

Micro-albuminuria

Nine studies (19, 21, 22, 25, 26, 31, 35, 39, 43) had micro-albuminuria
outcomes (n = 7,891): six (19, 21, 22, 25, 26, 43) looking at ACEI vs other anti-
hypertensive drugs, two looking at ACEI vs placebo (31, 43) and two looking at ARB
vs placebo (35, 39) (Table 2.7).

The pooled treatment effects between ACEI/ARB and other anti-
hypertensive drugs were somewhat heterogeneous (y*> = 7.70, df = 5, p = 0.174,
12 = 35.1%) with a pooled RR of 0.84 (95% ClI: 0.61, 1.15), see Table 2.7 and Figure
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2.2E. The Harbord test suggested no asymmetry of the funnel plot (coefficient =
—0.281, SE = 1.367, p = 0.847; Figure 2.4E.i).

Compared with placebo in four studies (31, 35, 39, 43) (n = 3,290 vs
3,472), the pooled effect of ACEI/ARBs (24, 28, 32, 37) was 0.82 (95% CI: 0.64,
1.05; Figure 2.2E) with moderate heterogeneity (x> = 5.93, df = 3, p = 0.115,
12 = 49.4%). Meta-regression could not identify the source of the heterogeneity. The
Harbord test suggested asymmetry of the funnel (coefficient = —2.626, SE = 0.360,
p = 0.018), and the contour-enhanced funnel plot suggested that this heterogeneity
might be the cause of the asymmetry (Figure 2.4E.ii).

Albuminuria regression

Ten studies (18, 21, 25, 27-29, 36, 38, 44, 45) reported regression of
albuminuria (n = 3,710; Table 2.8). The treatment effect between ACEI/ARB and
other anti-hypertensive drugs, which was based on nine studies (18, 21, 25, 27, 28, 36,
38, 44, 45) (n = 646 vs 640), was homogeneous (x> = 8.74, df = 8, p = 0.365,
12 = 8.4%) with a borderline non-significant effect of 16% (pooled RR = 1.16, 95% CI:
0.99, 1.39, see Table 2.8 and Figure 2.2F). Neither the Harbord test nor a funnel plot
suggested publication bias (coefficient = —0.086, SE = 0.718, p = 0.907; Figure 2.4F).

For the placebo-controlled trials (n = 947 vs 948), the likelihood of
albuminuria regression was 17% higher with ACEI/ARB, which was on the borderline
of non-significance (RR = 1.17, 95% CI: 1.00, 1.37; Table 2.8).

2.3.2 Network meta-analysis

ESRD

A network meta-analysis was applied to assess all treatment comparisons,
(Figure 2.3A and Table 2.9). Arrows and tails refer to interventions and comparators,
bold and dashed lines refer to direct and indirect comparisons, respectively. Numbers
under the line refer to the number of studies for the direct comparator data, whereas
numbers above the line indicate pooled RRs. The analysis suggested that the
ACEI/ARB (n = 6,092) significantly decreased the risk of ESRD when compared with
d-CCB (n = 644) and placebo (n = 5,569) with pooled RRs of 0.25 (95% CI: 0.07,
0.96) and 0.77 (95% CI: 0.64, 0.92), respectively. However, the risk of ESRD was
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2.00 (95% CI: 0.35, 11.55) times higher, but not significantly so, compared with the
BB group (n = 411). Comparing ACEI/ARB with all antihypertensive drugs (d-CCB +
BB) resulted in 62% significantly lower risk of ESRD (pooled RR = 0.38, 95% CI:
0.31, 0.47).

Pooling mean BPs from four studies (21, 26, 30, 40) showed non-
significant differences between groups, with mean differences of 1.27 (95% CI: —1.42,
3.95) for systolic BP (SBP) and —0.71 (95% CI: —3.88, 2.46) for diastolic BP (DBP).

Doubling of serum creatinine

Figure 2.3B and Table 2.9 show that ACEI/ARBs (n = 7,831) significantly
reduced the risk of serum creatinine doubling by 77% (pooled RR = 0.23, 95% CI:
0.09, 0.57), 72% (pooled RR = 0.28, 95% CI: 0.11, 0.71), and 21% (pooled RR = 0.79,
95% CI: 0.75, 0.84) compared with d-CCB (n = 567), nd-CCB/BB (n = 34), and
placebo (n = 7,784), respectively. Combining all anti-hypertensive drugs (n = 601) and
comparing with ACEI/ARB resulted in 77% significantly lower risk (pooled RR =
0.23, 95% CI: 0.09, 0.58).

Micro-vascular complications

The number of participants in each treatment arm has been described in
Table 2.5, with total number of patients in ACEI/ARB and placebo of 3,284 vs 2,847,
respectively. ACEI/ARBs significantly reduced the risk of micro-vascular
complications by 19% (pooled RR = 0.81, 95% CI: 0.71, 0.92) when compared with
placebo, but increased the risk almost twofold when compared with BB (Figure 2.3C
and Table 2.9).

Macro-albuminuria

Network meta-analysis was performed based on 12 studies (19, 21-26, 32,
36, 38, 41, 42) (n = 5,151; Table 2.9). ACEI/ARBs (n = 2,580) significantly reduced
macro-albuminuria by 29% (pooled RR = 0.71, 95% CI: 0.62, 0.83) compared with
BB/diuretic (n = 441), 55% (pooled RR = 0.45, 95% CI: 0.29, 0.70) vs d-CCB
(n = 212), and 33% (pooled RR = 0.67, 95% CI: 0.49, 0.92) vs placebo (n = 1,918;
Figure 2.3D and Table 2.9). The ACEI/ARBs significantly reduced macro-albuminuria
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by 40% (pooled RR = 0.60, 95% CI: 0.47, 0.77) compared with all anti-hypertensive
drugs (n = 653).

Pooling SBP and DBP in three studies (21, 38, 41), the mean SBP and
DBP differences were 2.82 (95% CI: 0.32, 5.31) and 0.33 (95% CI: —0.93, 1.60)

mmHg, respectively.

Micro-albuminuria

Based on pooling of results from nine studies (19, 21, 22, 25, 26, 31, 35,
39, 43) (n = 7,891), ACEI/ARB (n = 3,704) had significantly better benefit than
d-CCB (n = 238) with a pooled RR of 0.50 (95% CI: 0.38, 0.65), but significantly
worse outcomes than BB (i.e. favoring BB ) with the pooled RR of 0.48 (95% CI:
0.35, 0.66; Figure 2.3E and Table 2.9). When compared with nd-CCB (n = 303) and
placebo (n = 3,472), ACEI/ARBs did not reduce micro-albuminuria with pooled RRs
of 0.93 (95% CI: 0.71, 1.22) and 1.01 (95% CI: 0.82, 1.25), respectively. Compared
with all anti-hypertensive drugs, the ACEI/ARB significantly reduced the risk by 39%
(pooled RR =0.61, 95% CI: 0.45, 0.83).

Regression of albuminuria

Using data from ten studies (18, 21, 25, 27-29, 36, 38, 44, 45) (n = 3,710),
ACEI/ARB (n = 1,582) significantly promoted regression of albuminuria compared
with placebo (n = 948), but not with diuretic (n = 283) and RRs were 1.35 (95% CI:
1.07, 1.70) in favor of ACEI/ARB and 1.28 (95% CI 1.02, 1.60) in favor of diuretic,
respectively (Figure 2.3F and Table 2.9). The pooled RR was1.16 (95% CI: 0.83, 1.63)
for ACEI/ARB vs d-CCB (n = 357).

In six of ten studies where data were available (21, 27-29, 44, 45), the
mean SBP was significantly higher for ACEI/ARB (mean difference = 2.35, 95% CI:
1.07, 3.64) than placebo, but not so for DBP (mean difference = 0.54 mmHg, 95% CI:
—0.40, 1.48 mmHg).
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2.4 Discussion

The direct and indirect comparisons in our study confirm the clear benefit
of ACEI/ARB over placebo for all outcomes (ESRD, serum creatinine doubling,
micro-vascular complications, macro-albuminuria and regression of albuminuria)
except micro-albuminuria. The lack of a statistically significant treatment effect for
micro-albuminuria outcome is likely to result partly from the heterogeneity of
treatment effects across the studies. Our study extends the results of Strippoli et al.
(11), who showed borderline significant benefit for ACEI/ARB vs placebo for
doubling of serum creatinine (RR = 0.79, 95% CI: 0.75, 0.84 vs 0.60, 95% CI: 0.34,
1.05) and ESRD (RR = 0.77, 95% CI: 0.64, 0.92 vs 0.64, 95% CI: 0.4, 1.03). The
addition of new data and the use of network meta-analysis methods increase the power
and allow us to demonstrate the reno-protective effects of RAS blockade more
confidently. The major contribution of our study is in teasing out the potential reno-
protective effect of ACEI/ARBSs over other anti-hypertensive drugs. Overall, the direct
meta-analysis suggests a potential benefit of ACEI/ARB in reducing macro-
albuminuria and doubling of serum creatinine, and in promoting regression of
albuminuria. The results of network meta-analysis suggest additional benefits of the
ACEI/ARB in reducing the risk of ESRD. These benefits contradict the previous meta-
analysis (9), which found reno-protective effects of ACEI/ARB in patients without
diabetes but not in patients who had already developed diabetic nephropathy. This
discrepancy with previous work may be due partly to the addition of new data, thereby
improving power, or may be driven partly by the fact that the major active
comparators were CCBs. In some comparisons, BBs and diuretics are significantly
better than ACEI/ARBs, though the numbers in these comparisons are small and
driven largely by the UK Prospective Diabetes Study. In the studies that reported BP
change, there was no significant difference in BP decrease between ACEI/ARB and
other anti-hypertensive drugs, suggesting that there is a specific reno-protective effect
of ACEI/ARBs beyond their anti-hypertensive effect. This runs contrary to the
conclusion of Casas et al., (9) who found the effect of RAS blockade to depend on its
BP-lowering effect. In their study, Casas et al. showed that the benefit of RAS
blockers compared with active controls was associated with the extra degree of BP

decrease. These results are hard to reconcile with summary level data. It is of course
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possible for both conclusions to be true, i.e. the effect of RAS blockers is linked to the
level of BP control but that for two agents that bring about the same drop in BP, RAS
blockers would have an additional benefit. This possibility would be better teased out
with a meta-analysis of individual patient data or a direct test of this hypothesis in a
large-scale RCT.

Our study has some strengths. We have applied a network meta-analysis to
increase the power of the tests and reduce type | errors (15-17). We applied a mixed
model, which is thought to be the most appropriate method for this kind of pooling.
The network method *borrows’ treatment information from other studies and increases
the total sample size. As a result, treatment effects that could not be detected or
treatment effects of borderline significance in direct meta-analysis could be identified.
In addition, all possible treatment comparisons have been mapped and displayed. The
weakness of our study is that despite the large overall numbers, some comparator
groups still have small numbers, leading to poor precision of estimates. The lack of BP
data for some studies also limits our ability to judge the specific reno-protective
effects.

In conclusion, there appears to be a consistent benefit of ACEI/ARB on all
outcomes in type 2 diabetes, including the ‘hard clinical endpoints’ of ESRD and
doubling of serum creatinine, when compared with other antihypertensive drugs
(mainly CCBs) and placebo, both in direct and indirect meta-analyses. This is seen in
the context of no difference in BP decrease, suggesting a specific reno-protective
effect. Other antihypertensives, particularly BBs and diuretics, may have even greater
reno-protective effects, but this needs to be investigated in further studies or individual
patient meta-analysis.

2.5 Acknowledgement

The manuscript of this chapter was published in Diabetologia. 2012 Mar;
55(3): 566-78.


http://www.ncbi.nlm.nih.gov/pubmed/22189484

Phisitt Vejakama Systematic Review and Meta-Analysis / 22

2.6 Funding source
The study was funded by a grant from the Multi-Sectoral Network for

Non-Communicable Disease Control (NCD network) of Thailand.

2.7 References

1.Scheffel RS, Bortolanza D, Weber CS, Costa LA, Canani LH, Santos KG, et al.
[Prevalence of micro and macroangiopatic chronic complications and their
risk factors in the care of out patients with type 2 diabetes mellitus]. Rev
Assoc Med Bras. 2004;50:263-7.

2.Ubink-Veltmaat LJ, Bilo HJ, Meyboom-de Jong B. [Microalbuminuria in patients
with type 2 diabetes mellitus in general practice]. Ned Tijdschr Geneeskd.
2004;148:2026-30.

3.Wu AY, Kong NC, de Leon FA, Pan CY, Tai TY, Yeung VT, et al. An alarmingly
high prevalence of diabetic nephropathy in Asian type 2 diabetic patients:
the  MicroAlbuminuria Prevalence (MAP) Study. Diabetologia.
2005;48:17-26.

4.Gall MA. Albuminuria in non-insulin-dependent diabetes mellitus. Prevalence,
causes, and consequences. Dan Med Bull. 1997;44:465-85.

5.Garg JP, Bakris GL. Microalbuminuria: marker of vascular dysfunction, risk factor
for cardiovascular disease. Vasc Med. 2002;7:35-43.

6.Klausen K, Borch-Johnsen K, Feldt-Rasmussen B, Jensen G, Clausen P, Scharling
H, et al. Very low levels of microalbuminuria are associated with increased
risk of coronary heart disease and death independently of renal function,
hypertension, and diabetes. Circulation. 2004;110:32-5.

7.Ravid M, Lang R, Rachmani R, Lishner M. Long-term renoprotective effect of
angiotensin-converting enzyme inhibition in non-insulin-dependent
diabetes mellitus. A 7-year follow-up study. Arch Intern Med.
1996;156:286-9.

8.Ruggenenti P, Perna A, Gherardi G, Benini R, Remuzzi G. Chronic proteinuric

nephropathies: outcomes and response to treatment in a prospective cohort



Fac. of Grad. Studies, Mahidol Univ. Ph.D.(Clinical Epidemiology) / 23

of 352 patients with different patterns of renal injury. Am J Kidney Dis.
2000;35:1155-65.

9.Casas JP, Chua W, Loukogeorgakis S, Vallance P, Smeeth L, Hingorani AD, et al.
Effect of inhibitors of the renin-angiotensin system and other
antihypertensive drugs on renal outcomes: systematic review and meta-
analysis. Lancet. 2005;366:2026-33.

10.Kunz R, Friedrich C, Wolbers M, Mann JF. Meta-analysis: effect of monotherapy
and combination therapy with inhibitors of the renin angiotensin system on
proteinuria in renal disease. Ann Intern Med. 2008;148:30-48.

11.Strippoli GF, Craig M, Deeks JJ, Schena FP, Craig JC. Effects of angiotensin
converting enzyme inhibitors and angiotensin Il receptor antagonists on
mortality and renal outcomes in diabetic nephropathy: systematic review.
BMJ. 2004;329:828.

12.Sterne JA, Sutton AJ, loannidis JP, Terrin N, Jones DR, Lau J, et al.
Recommendations for examining and interpreting funnel plot asymmetry
in meta-analyses of randomised controlled trials. BMJ. 2011;343:d4002.

13.Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L. Contour-enhanced meta-
analysis funnel plots help distinguish publication bias from other causes of
asymmetry. J Clin Epidemiol. 2008;61:991-6.

14.Palmer T, Peter J, Sutton A, Moreno S. Contourenhanced funnel plots in meta-
analysis. Stata J. 2008;8:242-54.

15.Lu G, Ades AE. Combination of direct and indirect evidence in mixed treatment
comparisons. Stat Med. 2004;23:3105-24.

16.Song F, Altman DG, Glenny AM, Deeks JJ. Validity of indirect comparison for
estimating efficacy of competing interventions: empirical evidence from
published meta-analyses. BMJ. 2003;326:472.

17.Song F, Harvey |, Lilford R. Adjusted indirect comparison may be less biased than
direct comparison for evaluating new pharmaceutical interventions. J Clin
Epidemiol. 2008;61:455-63.

18.Uzu T, Sawaguchi M, Maegawa H, Kashiwagi A. Reduction of microalbuminuria
in patients with type 2 diabetes: the Shiga Microalbuminuria Reduction
Trial (SMART). Diabetes Care. 2007;30:1581-3.



Phisitt Vejakama Systematic Review and Meta-Analysis / 24

19.Estacio RO, Jeffers BW, Gifford N, Schrier RW. Effect of blood pressure control
on diabetic microvascular complications in patients with hypertension and
type 2 diabetes. Diabetes Care. 2000;23 Suppl 2:B54-64.

20.Bakris GL, Copley JB, Vicknair N, Sadler R, Leurgans S. Calcium channel
blockers versus other antihypertensive therapies on progression of NIDDM
associated nephropathy. Kidney Int. 1996;50:1641-50.

21.Chan JC, Ko GT, Leung DH, Cheung RC, Cheung MY, So WY, et al. Long-term
effects of angiotensin-converting enzyme inhibition and metabolic control
in hypertensive type 2 diabetic patients. Kidney Int. 2000;57:590-600.

22.Lacourciere Y, Nadeau A, Poirier L, Tancrede G. Captopril or conventional therapy
in hypertensive type Il diabetics. Three-year analysis. Hypertension.
1993;21:786-94.

23.Shiba T, Inoue M, Tada H, Hayashi Y, Okuda Y, Fujita R, et al. Delapril versus
manidipine in hypertensive therapy to halt the type-2-diabetes-mellitus-
associated nephropathy. Diabetes Res Clin Pract. 2000;47:97-104.

24 .Effects of ramipril on cardiovascular and microvascular outcomes in people with
diabetes mellitus: results of the HOPE study and MICRO-HOPE substudy.
Heart Outcomes Prevention Evaluation Study Investigators. Lancet.
2000;355:253-9.

25.Baba S. Nifedipine and enalapril equally reduce the progression of nephropathy in
hypertensive type 2 diabetics. Diabetes Res Clin Pract. 2001;54:191-201.

26.Efficacy of atenolol and captopril in reducing risk of macrovascular and
microvascular complications in type 2 diabetes: UKPDS 39. UK
Prospective Diabetes Study Group. BMJ. 1998;317:713-20.

27.Fogari R, Mugellini A, Zoppi A, Lazzari P, Destro M, Rinaldi A, et al. Effect of
successful hypertension control by manidipine or lisinopril on alouminuria
and left wventricular mass in diabetic hypertensive patients with
microalbuminuria. Eur J Clin Pharmacol. 2005;61:483-90.

28.Fogari R, Preti P, Zoppi A, Rinaldi A, Corradi L, Pasotti C, et al. Effects of
amlodipine fosinopril combination on microalbuminuria in hypertensive
type 2 diabetic patients. Am J Hypertens. 2002;15:1042-9.



Fac. of Grad. Studies, Mahidol Univ. Ph.D.(Clinical Epidemiology) / 25

29.Marre M, Lievre M, Chatellier G, Mann JF, Passa P, Menard J. Effects of low dose
ramipril on cardiovascular and renal outcomes in patients with type 2
diabetes and raised excretion of urinary albumin: randomised, double
blind, placebo controlled trial (the DIABHYCAR study). BMJ.
2004;328:495.

30.Nielsen FS, Rossing P, Gall MA, Skott P, Smidt UM, Parving HH. Long-term
effect of lisinopril and atenolol on kidney function in hypertensive
NIDDM subjects with diabetic nephropathy. Diabetes. 1997;46:1182-8.

31.Ravid M, Brosh D, Levi Z, Bar-Dayan Y, Ravid D, Rachmani R. Use of enalapril
to attenuate decline in renal function in normotensive, normoalbuminuric
patients with type 2 diabetes mellitus. A randomized, controlled trial. Ann
Intern Med. 1998;128:982-8.

32.Ravid M, Savin H, Jutrin I, Bental T, Katz B, Lishner M. Long-term stabilizing
effect of angiotensin-converting enzyme inhibition on plasma creatinine
and on proteinuria in normotensive type Il diabetic patients. Ann Intern
Med. 1993;118:577-81.

33.Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB, et al.
Renoprotective effect of the angiotensin-receptor antagonist irbesartan in
patients with nephropathy due to type 2 diabetes. N Engl J Med.
2001;345:851-60.

34.Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE, Parving HH, et al.
Effects of losartan on renal and cardiovascular outcomes in patients with
type 2 diabetes and nephropathy. N Engl J Med. 2001;345:861-9.

35.Bilous R, Chaturvedi N, Sjolie AK, Fuller J, Klein R, Orchard T, et al. Effect of
candesartan on microalbuminuria and albumin excretion rate in diabetes:
three randomized trials. Ann Intern Med. 2009;151:11-20, W3-4.

36.Jerums G, Allen TJ, Campbell DJ, Cooper ME, Gilbert RE, Hammond JJ, et al.
Long-term renoprotection by perindopril or nifedipine in non-hypertensive
patients with Type 2 diabetes and microalbuminuria. Diabet Med.
2004;21:1192-9.

37.Sjolie AK, Klein R, Porta M, Orchard T, Fuller J, Parving HH, et al. Effect of

candesartan on progression and regression of retinopathy in type 2 diabetes



Phisitt Vejakama Systematic Review and Meta-Analysis / 26

(DIRECT-Protect 2): a randomised placebo-controlled trial. Lancet.
2008;372:1385-93.

38.Marre M, Puig JG, Kokot F, Fernandez M, Jermendy G, Opie L, et al. Equivalence
of indapamide SR and enalapril on microalbuminuria reduction in
hypertensive patients with type 2 diabetes: the NESTOR Study. J
Hypertens. 2004;22:1613-22.

39.Haller H, Ito S, lzzo JL, Jr., Januszewicz A, Katayama S, Menne J, et al.
Olmesartan for the delay or prevention of microalbuminuria in type 2
diabetes. N Engl J Med. 2011;364:907-17.

40.Fogari R, Zoppi A, Corradi L, Mugellini A, Lazzari P, Preti P, et al. Long-term
effects of ramipril and nitrendipine on albuminuria in hypertensive patients
with type Il diabetes and impaired renal function. J Hum Hypertens.
1999;13:47-53.

41.Ahmad J, Siddiqui MA, Ahmad H. Effective postponement of diabetic nephropathy
with enalapril in  normotensive type 2 diabetic patients with
microalbuminuria. Diabetes Care. 1997;20:1576-81.

42.Lebovitz HE, Wiegmann TB, Cnaan A, Shahinfar S, Sica DA, Broadstone V, et al.
Renal protective effects of enalapril in hypertensive NIDDM: role of
baseline albuminuria. Kidney Int Suppl. 1994;45:5S150-5.

43.Ruggenenti P, Fassi A, llieva AP, Bruno S, lliev IP, Brusegan V, et al. Preventing
microalbuminuria in type 2 diabetes. N Engl J Med. 2004;351:1941-51.

44 Mosconi L, Ruggenenti P, Perna A, Mecca G, Remuzzi G. Nitrendipine and
enalapril improve albuminuria and glomerular filtration rate in non-insulin
dependent diabetes. Kidney Int Suppl. 1996;55:591-3.

45.0gawa S, Takeuchi K, Mori T, Nako K, Tsubono Y, Ito S. Effects of monotherapy
of temocapril or candesartan with dose increments or combination therapy
with both drugs on the suppression of diabetic nephropathy. Hypertens
Res. 2007;30:325-34.



Ph.D.(Clinical Epidemiology) / 27

Fac. of Grad. Studies, Mahidol Univ.

|ojous)y
wazen|ig
9 ads3 [ lwedess  Judoulsi  S8A qreotoeiN 599 €6/L0T €9  966T '(02)19 skxeg
uolssalbal
enuUIwWNg|Vv
‘qleoioeN 09-02 0S-S Q[eoIdIN
4 Q[e0IdIN douldipsjIN  udefeu3  SBA  JeOWION - - 09 100z ‘(52)Ss eqeg
g q[eotoeN 0gaseld  OT |HUdejeug  oN qreoJdIN W2 G9/T8 08 /66T ‘(T¥)C pewyy
ayds3 Q[eoIdIN
S q[eoJoeN 0gadeld QT |udiwey XN (JeOWIoN 46'€6 - 9 0002 ‘(¥2) 3dOH
asds3 pd[eoIoeN
qreotoeiN 00T-0S 05-G¢ 20[BOIIN
'8 q[eosdIN |ojoua)y |judoided  SBA IeoWlJoN €5/0°L 95 866T ‘(92)saddn
uornoun4 (A)
IH  eunuiungly  [eusy  TvgH  aby
) (Kep/Bu) (Kep/Buu)
dn mojjo4 Saw021N0 sJojesedwod  UONUBAIBIUI auljeseg e syuedioiued Jo adA L (souaiagan)AOUINY

sisA[eue-e1aW UI S81pNIS JO SoNsLIaloeIRYD "T'Z 8|qe.L



Systematic Review and Meta-Analysis /28

qreotoeN 0S§-GZ Z1OH  00T-0S €66T
€ qreoldIN  00T-0GlojoddoleN  |udoideDd  SBA Q[eOJOBN 8LL 8L/€6 LS ‘(Z2)A als10inodeT]
4 asds3 OcauldipualiN G |Udiwey  SBA  (JeoIdeN 8€y  GG/Z'L 95 6667 '(0v)Yd 1ebo
uolssalbal GI-§ 0€-0T
4 BLINUIWNG|Y autdipojwy |douiso4  SaA qreoJdIN 788  ¥S/TL €9 2002 ‘(82)Yy 1ebod
uoissalbal 0T
Z eLInuIWNgY auldipiuelN QT [udoulsiT  S9A q[eosIN - 25/6'9 09 5002 ‘(L2)Y 1ebod
asds3
uoissalbal
eLnuIwNg|v qJeoldeN
qreotoeN 08-0¥ 0v-0T Q[eoIdIN
g qreoJsdIN YSouldipayiN  |udejeu3g  ssA  g[eowloN - - 86 0002 ‘(T2)or ueyd
uonoun4 (A)
IH  eunulwngly [eusy  TvqH #by
(A) dn (Aep/bw) (Aep/bw)
MO]|04 SaW02IN0 siojesedwon  uonuaAlLu| auljeseg e syuedioiued Jo adA L (souaagan }OUINY

Phisitt Vejakama

panunuoy 7'z ajge.L



Ph.D.(Clinical Epidemiology) / 29

Fac. of Grad. Studies, Mahidol Univ.

uoissaibal oy 14
Z eunuIWNglY YO BuldIpajIN  [Hdedowal  SBA q[eosIN 0869  T9/89 19 £00z ‘(Gv)S emebo
00T-0S 02-0T
G'e ayds3 [ojous)y [udoutsi  seA qrecsoeiN SvL TL98 T9  266T ‘(0€)Sd Uos|aIN
uolssalbal ov-0T 02-S
4 eunuiwngly  auidipuaiiN - udejeus  S8A q[eosoIN 919 - - 966T ‘(7)1 1U0SON
uoissalbal
BLINUIWNG|Y g7
T ‘qreosoelN  aplwedepu] QT Judefeu  SBA qreoJdlN .68  09/9L S9 002 ‘(8E)N a1 N
asds3
co_mmoh@oL GC'T qJeoJoeN
4 BLINUIWNG|Y 0g32e|d |udiwey  paxXIN - g[eoJdIN 5GC6  29/8'L 09 002 ‘(62)IN 11BN
ov-S q[eosdIN
€ q[e0ioBN 0ga2e|d |udejeu3  s8A  ,q[eOWION 66T ‘(2¥)3H Zn0ga
uonoun4 (A)
IH  ednuiungly  [eusy  P°TwgH 8by
) (Rep/bw) (Rep/bw)
dn mojjo4  sawodnQ sJojesedwo)  uonuaAILu| auljeseg e syuedioiued Jo adA L (souasagai)AOUINY

panunuoy 7'z ajge.L



Systematic Review and Meta-Analysis / 30

Phisitt Vejakama

uoissalbal
eLnuIWNg| Y
9 qreotoeN duldipajIN  |dopuldd  ON q[eosoIN 26 G9/T8 €S (9€)9 swniap
1S Burjgnog 00T - 0§
v'e ayds3 0g32e|d ueleso qrecsoeN 48971 89/7'8 09 (v€)g Jeuuaig
q[eosoIN
4 qreosoelN QT auidipiueiN 09 [Udejpa  SeA qeowloN - G9/T'8 T9 0002 ‘(€2)L equys
0Qoade|d
ove Al 002
o€ qreosdlN  dS |lwedeldaA Jdejopeuell  SSA qeowIoN 29'6. or/8's 29  ‘(Ev)d nusushbny
g q[eoJoeN 0gadeld 0T [udefeug  ON s0[BOIIN OV0T  06//'0T v €66T ‘(2€)N piney
9 QeosdIN 0gadeld 0T |udefeug  ON qeowJoN 5. 0T 8L/€6 SS  866T ‘(TE)IN piney
uonoun4 (A)
IH  eunuiwngly [eusy LTVOQH  9by
) (Rep/bw) (Rep/bw)
dn mojjo4  $Bwo2INO sJojesedwo)  uonuaAILu| auljaeseq e syuedioied Jo adA | (souasagai)AOUINY

panunuoy '1°Z ajge.L



Ph.D.(Clinical Epidemiology) / 31

Fac. of Grad. Studies, Mahidol Univ.

(urwyjw) adueJes]d aulueal)

, ‘W e T/UIW/IW) Y4 parewnss , ‘(J/|owi) 8ululzeald WnIss , ¢ BLNUIWNGIe-0J0B|A , ‘BLINUILNG[E-0IIIA ¢ BLNUILING[E-OWION

gleoJoeN
q[eoioeN 09-0T 07§ qreoJoln 0002
€g qreoJoIN suidipjosiN  Judefeug  SaA qreowsoN - €0T/9'TT 85 ‘(6T)OY 01913
uonesldwod
L'y TeNISeNOLIN 00a%e|d ~ Ueudesapued pPaxiN - ([eOWIoN - 99/28 1S (LE)MV 210l
L'y Q[e0IIN 00a%e|d ~ Ueuesapued pPaxiN  ([eOWIoN 06 - 6'9S (5e)d snojig
uolssalbal
g0 eunuiwNglyY  suldipojwy  UBMES[EA  SBA qreodIN - - 29 (8T)L nzN
ayds3 ogae|d
9T 1S bulignog  suldipojwy  ueMesaql]  SOA elINUIBI0Id 9 LVT  99/28 6§ (€€)3 sImaT
19s Burgno@ ov
2'€ qreodIN 00ade|ld ~ UBMESAW|Q PaxXIN  gJeowlJoN 6¥8  T9/LL LS (6€)H Ja11eH
uonoun4 (A)
IH  eunuiwngly [eusy TVqH by
) (Rep/bw) (Rep/bw)
dn mojjo4 SawI091N0 sJojesedwo)  UOIUBAIBIUI aulaeseq e syuedioied Jo adA (souasagai)AOUINY

panunuoy '1°Z ajge.L



Systematic Review and Meta-Analysis / 32

Phisitt Vejakama

dg auIjaseq pasuefequ|

dgS auljaseq paouejequi|

dg auljaseq paouejequi|

> > > Z Z > > > > Z > > > >

>

Z > Z > Z > > > > Z > > > >

A

> > > > > > > > > > > > > >

>

> > > Z > > > > > D > > > > >

D DD D > > > > DO > D > > D

>

(%) 1uodsON
(8E)N alleN
(62)N d1BIA

(2¥)aH zunogsT
(22) A 81819n0287]
(ov)d 1ebo-
(82)Y 1ebo-
(22)d 1ebod

(¥£)g Jsuuaig
(T2)or ueyd

(02)19 steq

(52)s eaeg

(T¥)C pewyy
(¥2)ApmsS 3dOH
A (92)sadn

O D > DO > > > > DO DO D > DO D

seiq Jay1o Jo uondiiasaq

seiq Jayio

JO 93i4

110daJ awo21no

9AI103]9S

9W0JIN0 °

19]dwoadu

Bulpuig

Juswi|eaduod

UoIRI0| Y

uolnelauab

9ousnbag Apms

JUBLUSSASSE SeIq JO YsIY "Z'Z 9|gel



Ph.D.(Clinical Epidemiology) / 33

Fac. of Grad. Studies, Mahidol Univ.

Jeajoun=n ‘st ybiy=N NSt Moj=A

JTVOH
‘dg auljaseq pasueequi|

> > > Z > > >

N
A
A
A
A

A

> > > Z > > >

> > > > >

A

> > > Z > > zZ

> > > > >

A

> > > D > > z

> > > > > D

> > > D > > D

> > 2 O O

n

N

> D > D > >

o > > DO DO

A

(6T)OY o108153
(LE)MV a1ols
(5e)d snojig
(8T)L nzN
(e€)3 sima
(6€)H J911eH
(9€)9 swnisr

(€2)L equys
(ev)d nusuabbny
(2€)N piney
(TE)N piney
(St)S emelbo
(0£)Sd ussiaIN

seiq Jay1o Jo uondiiosaQ

seiq Jay1o
JO 9914

110daJ awo21no

aA1103]9S

aw0J1no

a19|dwoouy

Bulpug

JUBW|eadu0d  uonessuab

UoIIRI0| Y

9ouanhag

Apms

panunuoy "¢ ¢ slqe.L



Systematic Review and Meta-Analysis / 34

(S0'T '¥9°0) 28°0 HY pajood
695 0T ()12 ()T auldipojwy

(¥0'T 2900080 6.5 /8 ()L (-)ovT ueyresag| eunuislold - 6S (€€)3 sima
6T T (2'8) 28 (2'8) 8¥T |ojousy

(2691'800)2T'T LT T (€8)9L  (59T) ST [1douisi qreosoeiN .Gy, 19 (0€)Sd uss|eIN
T4 T (1) 16 (¢1) v'6vT  suidipualiN

(S6¥T '90°0) 960 92 T (9)668  (0T)8'L¥T [udiwey qreoioelN  8'€y 9SG (0v)d 1ebod
s g (82)92. (¥'6)2ceT ¥SauldipsyIN

(€8¢ 'Tv'0) ST 0S 9 (9vT) T2. (8TT) LET [1idejeus PaxIN €6, 89 (T2)or ueyd
8T 0 - - g00-pu
o1 4 - - |ojoudy

(09°€ '10°0) T2 0 8T 0 - - [1doulsIT (dleOIBN 629 29 (02)19 steq
8G¢ v (L) 18 (1) eV |ojous)y

(S5'€‘€2°0) 060  00F 4 (8) €8 (1) vv1 [udoyded PaxIN - el (92)sAdn

sBnJp 8ANOY SA gYV/130V

SjuaAg 01D by
(109%56) ¥y N J0 'ON (ps)dga  (ps) d4S sjusWleal]l  BLNUILNGIY UBSIN  UBSIN  (soueispop)APNIS

Phisitt Vejakama

0gade|d 10 sBnip aANde pue gYV/|FOV Usemisg aysS3 '€z algel



Ph.D.(Clinical Epidemiology) / 35

Fac. of Grad. Studies, Mahidol Univ.

eLNUIWING[R-0IDIIA 4

‘BLINUIWING[E-OWLION , ‘(;W £/ T/UIW/|W) 81e4 UOIEJI|1} JEJNIBWO]D, BLINUILNG[E-0JIBIA] 4 ‘(UIW/|W) 8JUBIeS]D SUIUIEaID ,

(€6°0 '69°0) 08°0 HY pajood
195 90T (-)os Q142" 0g32e|d

(90°'T '€9°0) 18°0 6.G 18 ()12 ()ovT uenesagqs]  elnuislold - 65 (€€)3 simaT]
29, 76T Q171 (-)evtT 0gade|d

(¥e)g

(€6'0 'v9°0) LL°0 157 LT Q171 ()ovt ueLeso q[eoioeN - 09 Jsuuaig
697'C 14 - - 0gade|d

g|eolaoeN

(0T'2'T¥'0) €6°0 evy'e T - - [udiwey 72 q[eoJolN - G9  (62)N aureiN
69L'T 8 - - 00a%e|d

50[BOIIN (¥2)Apms

(60°€ '87°0) 22T 808'T 01 - - |udiwey  ,qeOW.LION - G9 3dOH

0489®8|d SA 9HV/IFOV

SJuaAg 191D aby
(10%56) ¥y N Jo'oN (ps)ddd  (ps) d9S  sluswieasl euUnuUIWNG]Y UBBIN  UBBIN  (sousiopey)APMS

panunuoy "g'¢ slqe.L



Systematic Review and Meta-Analysis / 36

Phisitt Vejakama

69%'C 09 - - 0gade|d
gjeoJoew
(8T'T'95°0) T80 E€V¥'C 8y - - [diwey ROIIN (62)N alreN
69L'T 6T - - 0gade|d
pdIBOIIIN 7 (¥2)Apmis
(86'0°719°'0)8.°0 808'T  8IT - - [diwey ,0|BOWLLION - G9 3dOH
0gade|d SA SV
(€8°0 '€5°0) 990 HY pajood
195 T () Ot auidipojwy
(¥8'0'€5°0) L90 61§ 86 ()2 oyt ueLesag| eLNUIR)0Id - 6S (€€)3 sima
143 L - - ga22-pu/|ojously
(€0 '¥€0) L2°0 8T T - - [1doulsiT qarecioen 6'29 29 (02)19 steq
sbnip aANdY SA gSVH
swang  (ps) (ps)
(10%S6) 4 N JO 'ON dga dgs Sjuswieal | eLNUILNGIY 01D UesN aby ues|n

ogaoe|d o sBnip aAnoe pue gyv/13DV Usamiag auluiestd wnias Jo Buljgnoq vz ajge.L



Ph.D.(Clinical Epidemiology) / 37

BLINUIWNG[E-0JIA , ‘BLINUILING[E-OWLION , ‘BLINUILNG[E-0J0BIA ¢ ‘(UIW/|W) 80UBJES|D BUIUITEaID ,

(68°0 '12°0) 62°0 HY pajood
8y  GET (-)os Q1742 0g32e|d
(06'0°2G°0) TL'0 6.5 86 ()L ()ovT ueyessgJ| elINUIRi0Id - 65 (e€)3 sima
§12'C 4 ()zor  ()rszt 0gade|d
(9/'T'95°0) 660 2€2'C €C (eve  ()LseT uelessw|o q[eowioN 6’78 1’18 (6€)H J31eH
29, 86T Q7] Qraz 0g32e|d
(0T0'69°0)€8°0 TSL 29T ()L ()orT ueleso q[eoJoeN - 09  (ye)g seuuaig
SJuaAg (ps) 21910 aby
(10%66) ¥y N JooN d9a (ps)dds Sjuswyeal | eunuiwngly  Uesy ues|

Fac. of Grad. Studies, Mahidol Univ.

panunuoy "¢ slqe.L



Systematic Review and Meta-Analysis /38

(160 '¥1°0) G580 Hy pajood
¥S6 8T 0gade|d

(80T'€L'0)680 096  T9T uenesspued  gleowlioN - LS (eMv alols
6. Gt - - 0gade|d

(00T LTOTFO0 1L 9 - - [1idejeus qreoJdln 80T el (TE)N piney
G €T 0gade|d

(#€T'0€0) Y90  6F 6 [1idejeus q[eow.ioN - 4% (2€)N piney
69L'T  CIE 0gade|d

q[eoidIN (r2)Apmis

(66'0'72°0)98°0 808'T  €/C - - [udiwey qIeow.IoN - G9 3dOH

0Q3Je|d SA g4V/I30V

8G¢ 8¢ )18 1) evT |ojouR)yY

(€0'c '18°0)82T 00V o (8¢ (D) yyT  (udoided qd[eOIIN - 9§ (92)sadn
sBnJp 8ANOY SA gYV/130V

sweng  (a@s)  (a@s) el01D by
(10%56) ¥ N JOON ddd dds Sjuswiesll eunulwNgly Ues|N  UesN Apnis

Phisitt Vejakama

ogade|d o sBnip aAnoe pue gyv/13DV Usamiag suonealjduwod Jejnasea-oioiw Jofely ‘gz ajgel



Ph.D.(Clinical Epidemiology) / 39

Fac. of Grad. Studies, Mahidol Univ.

1 1 - - suldipa}iN

86'8T 'T¢'0) 00C 1T 4 - - |udopuiad qIeomIN €§ (9¢)9 swnisp
o1 14 - - auldipiuey

qlectdlN

(LET'T00)800 €2 0 - - [udejaQ 9 [ROWION - 19 (€2)L equys
€8¢ 9z (Te)o18 (2T)€L€T  oplwedepu

(cz1'8€'0)690 982 8T (6'L)v'18 (€¥T)e6eET  |udereu3 QrOIN  G26 09 (8E)N 8B
Z10H
Z1 Z - - /lojoadolsy

(€87 ‘71000920 6 0 - - [doyded qIeosIN - - (22)A a1e101n0%e7
8¢ 9 (8292, (¥'6)2ceT YS auldIpa)IN

qlecIdlN

(¢1'2'020)590  6€ 14 (OvT)Te. (8TT)LeT  |udeeu3 7 geowloN - - (T2)or ueyd
9 4 - - dS auldipajIN

(L8€'TC0) 160 €5 € - - [11dereus qeoldIN  ¥'0TT 09 (S2)s edeg
T T - - |ojoualy

(STT'0C0) 870  €ST L - - [doyded (QIe0IIN - - (9z)sadn

sBnip aANdY SA gHV/130V

SIERE 21210 aby
(10%56) ¥y N JooN (as)dgd  (ds)dds  sweuneall  eunUIWNQY Ues|N  Uealy Apms

0qaoe|d 10 sBnIp aANde pue gyV/13DV Usamiaq eLnuUIWNG[e-0J0.A *9°Z 3|ge.L



Systematic Review and Meta-Analysis /40

Phisitt Vejakama

(;W €2 T/UI/|W) 8YeJ UOHRIHI JeINIBWo9 ,

‘sIsAJeue-e1aW 19311P 8U Ul 8pNJOUI 10U , ‘BLINUIWING[E-OWION , ‘BLINUILING[E-0JIA ¢ ‘(UIL/|W) 89UBIES]D BUIUIEBID ,

(€8°0 '¥S0) L9°0 yY pajood
Gt . - - 0099e|d
(€ST'0T0)6E0  TT 4 - - [1doputiad q[eosIN €g (9€)9 swiniar
Gy 6T - - 00d9e|d
(99°0°€T0)620 6V 9 - - [1idejeus qreoJdIN - 47 (2€)N piney
8¢ 8 - - 0099e|d
g|eooIN
(8e'T'200)2€0  OF 4 - - [udejeu3 @ geOWNON - - (2¥)3H z1n0gaT
1§ 145 (T'9) €8 (L'9) ¥ET 0gade|d
(S60'TT0)€E0 TS v (9'%) 08 (L'9) ¥eT [Ldejeus q[eosdIN V2T 0§ (TY)r pewyy
69.T 6¥T - - 00298|d
qIeoJdoIN
(£6'0'79°0) .20 808'T LTT - - [udiwey % gleow.IoN - g9 (¥2)ApmS 3d4OH
0089®|d SA gHV/130V
(00T '05°0) TL'0 yY pajood
€8 LT - - auldip|osIN
(T18'7'050)G6'0 29 €1 - - [lidejeus qreosIN - 85 (6T)OY 0108153
SUENE| (as) 1210 by
(10%56) HY N JoON dgad (dS)dgS  swewiyeal]l  eUNUIWNQlY  UBSN  UBSA Apnis

panunuod "9°¢ alqeL



Ph.D.(Clinical Epidemiology) / 41

Fac. of Grad. Studies, Mahidol Univ.

(ST'T'T9°0) ¥8°0 HY pajood
0T Gz - - auldip|osiN
(6T)ON
(cr'1'eq0) 180 €21 Ge - - [1idejeus qeowlIoN  G8  8S 010813
€0€ 9 (9)es  (¢1) 2wt [lwedesap
(ev)d
(18'0)'62°0) 050  TOE 8T (9918 (21)6ET [1idejopuel | qleowroN - 29 nuaushbny
8¢ Z - - Z10H / |ojoidoleiN
(@A
(18'6'50°0) 950  S¢ T - - [udoided geowloN - LG @J819in0Je]
Gz g - - ysauldipa)iN
(L6€'S€0) TTT 8T 4 - - [1idejeus greowlloN €62 85 (T2)Oor ueyd
90T €C - - ysauldipajIN
(TeT'ov0)€L0  S6 Gt - - [1idejeus greowsoN  $'0TT 09  (S2)Seqed
T 8¢ - - |ojoudy
(€L'T'¥80)T2T  €ST 8Y - - [udoyde qdleowsoN - 95 (92)sadn
sbnip aANdY SA 9GSV
SENE| (as) (as) 2|01 3BV (6
(10%56) HY N J0 'ON dgaa dgas SiusIeal L BUNUIWNGIY UBBIA UBBIN  ouaigjerAPTIS

0gade|d 10 sBnip aANoe pue gyV/13DV Usamiaq eLnuIlINge-0IIIA /' d]qel



Systematic Review and Meta-Analysis /42

Phisitt Vejakama

BLINUIWNG[E-OWUON  ‘(UIw/|uw) 80UeJe|d BUIUITealD ,

(S0'T '¥9°0) 28°0 HY pajood
756 Vet - - 0gade|d

(LT'T'€L0) 26°0 156 vTT - - uenesepued  ([eOW.ION - 6'95  (ge)d snojig
6ET'C 012 (-)z9L () 1821  o0gadeld

(eTT1°22°00€60  T9'T  8LT ()ev. () L'GeT ueMessw|O  qeowloN  6%8  LLG  (6E)H JolleH
00€ 0 (9)z8 (0T) TPT  0Qga2e|d

(ev)d

(S0'T ‘¥€'0) 09°0 T0€E 8T (9) 18  (2T) 6ET [udejopuel]  Q[eOW.ION - 29 nuaushbny
6. GT - - 0gade|d

(060°'€T0) €0  G8.'L g - - |udejeu3  greowdoN 20T GS  (TE)W piaey

0gade|d SA SV

SJUsAT (as) (as) 21210 aby
(10%56) ¥ N JooON dgd dgS  sjuawieall  eunuiwngly  UBSIN  UBBINl (sousiger)APMIS

panunuoy "¢ s|qe.L



Ph.D.(Clinical Epidemiology) / 43

Fac. of Grad. Studies, Mahidol Univ.

L v (9€)6v8 (LTT)€0GT  auldipusniN
(r2'2'050) LTT 9 v (82 .1¢6 (PeT)9orT |udejeus  qeoldIN - 99 - (i) IUOJSON
S TAN AN (T8)18 (21)€L€T apiwedepul
(62T°280090T 982 02T (6°2)¥'18 (EVT)€6ET |udefeu3  qreoldIN GZ6 09 (8E)IN auBN
LPuldipojwy
0T 0. (19)¢€e8 (66)veer +  |udouisod
€0T ve (79§98 (ToT)vort  auldipojuy
(L6'T'66'0) OV'T 20T Ly (99) €18 (01) €T [udouiso4  geoJdIN - €9 (82) Y uebod
0S 6T (6€)8eL (€6)€seT auidipiueN
(v22'v60)SV'T 6V 1z (aOvvvL (6'6)8'92T udoursiT  qeosdIN g6 09 (22)d 1ebod
1T G (8292, (¥6)zeeT  YSauldipayiN
p0[B0IOBIN
(S6'2'S€0) T0T  ¢€ 9 (9vT)T2. (87TT)LET |ldejeus 7 greoloIN - - (T29)orueyd
9 6T - - dS auldipajiN
(r€'T'2€0)0L0 €S T - - |udejeus  greoldlN  #'0TT 09 (S2)S eded
sbnip aANIY SA gSvH
DE= 01D 8by  [9ousisyay]
(10%56) ¥ N JooN (as)dga (as)dds Sjuswieall  eunulwngly Ues|N UesiN Apnis

ogaoe|d Jo sBnip aAnoe pue gyv/I3DV Usamiag uolssalbay eLINUILING|Y 8'Z 3]qe.L



Systematic Review and Meta-Analysis /44

Phisitt Vejakama

(;W €2 °T/uIw/|w) arel uoiea|1} Jejniswol9 ,

‘eLINUILINGe-0JJBIA , ‘SISA[eUB-EIBW 10311P Y] Ul 8PNJIUI JOU , ‘BLINUILING[R-0IINIA 4 ‘(UIL/|W) 3OUBIES]D BUIUIESID ,

(LET'00T) LT'T 4y pajood
GT € - - auldipajIN
(T18'€'500) 97’0 1T T - - |1doputlad q[eosIN 06 €S (9€)9 swniar
€6 GTC - - 0gade|d
qJeoloeN
(LET'00T)LT'T 986 €S - - [udiwey ® qeODIN - G9 (62)IN a1
0gade|d SA SV
(F€T'00T)9T'T HY pajood
Ll 6 - - auldipojwy
(8T'¥'S6'0)66'T €L LT - - ueLres[e/\ q[eosIN 29 (8T)LnzN
T € - - auldipa)IN
(eL2'v00)€€0 TIT T - - [1idoputiad q[eosIN 06 €s (9€)9 swnuar
8T 4 auldipajIN
12 B/6w oog
(9T9'6'2) 2€T  ¥E g (ee)a8. (S%)0ET  [udesowsl - 00T YOVN - 29 (S¥)S emebQO
SJuan3g 01D 8by [aoualsyay]
(10%S6) 44 N JooN (as)dga (as)dds sjuswileal] eLNUIWNGlY — UBSN Ues\ Apms

panunuoy "8'¢ s|qe.L



Ph.D.(Clinical Epidemiology) / 45

Fac. of Grad. Studies, Mahidol Univ.

160 ¥T1°0 Ggeo ga/d2J-pu SA 0(ade|d
20110 620 809D-p SA 0ga2e|d
18°0 ‘T80 180 g22-p SA g00-pu
¥8'0 'SL°0 6.0 003Je|d SA gYV/IF0V
TL0°TTO 820 a4d/a02-pu SA gHV/I3OV
LG0'60°0 €C0 g00-P SA gdVv/I30V
1D %56 dd Sjuawieal |
auluneald wnias buljgnoq (g

€V'T'80°0 €e0 809D-p SA 0ga2e|d
L5900 8€0 0Qgade|d SA 99
T¥'0 ‘700 €To g200-p sAn dg
88'C '60°0 050 a4Vv/I30V sA dd
26'0 '79°0 LL0 0Qade|d SA gdV/IFOV
96°0 200 ST40) g00-P SA gdv/130V
1D %56 dd Sjuawieal |
ays3a (v

sisA[eue-e1all YJ0M]BU \/ :S3W02INO0 JRJNISLA-0I0IW PUe [eudl U0 gyV/ITDV 1O S10a)4e a1ewnsy '6°Z a|gel



Systematic Review and Meta-Analysis / 46

Phisitt Vejakama

vZ'1°LE0 L90 d09-p SA 0(aJe|d
LET Y90 ¥6°0 0Q3Je|d SA dllainid/dd
20T 60 €90 g22-p sA dnainid/dg
260 ‘670 .90 0QsJe|d SA gdV/I30V
00620 140 g00-P SA g4aVv/Iq0V
€8'0 290 ¢L0 JllaInid/dd SA gdv/1I30V
10 %56 jala) Sjuswieal |
eLnuIwnge-osoew (Q

S'0 ‘00 evo 0(a9®|d SA d9
09°0 '9¥'0 €90 g4dVv/I130Vv SsA dd
26'0'TL0 180 0QaJde|d SA gdV/IFIV
1D %S6 dd Sluswiyesl |

suonealdwod JejnaseA-olo1w Jolfew (D

panunuoy "6 alge.L



Ph.D.(Clinical Epidemiology) / 47

Fac. of Grad. Studies, Mahidol Univ.

60T 'LL0 ¢60 g09-pu sA 0Qade|d
650 ‘TV'0 6v°0 g00-p SA 0Qade|d
69°0 ‘€€°0 87’0 dn_INIA/gd sA 0gade|d
960 '0S°0 €90 g09-p SA g2O-pu
2L0°.€0 ¢s0 di=JInid/dd sA go0-pu
GE'T 0.0 L60 dnainid/dd sA 920-p
GZ'T 280 00T 0Qade|d SA gdV/IFOV
2CT'TL0 €60 g00-pu SA gHV/130V
G9'0 '8€°0 050 gd00-P SA gaVv/I30V
990 'S€°0 87’0 naInId/gd sA gdv/130V

10 %56 jala) Sjuswieal |

elnulwngje-oa1A Am_

panunuoy "6 alge.L



Systematic Review and Meta-Analysis /48

Phisitt Vejakama

SLTTLT 2Lt 0ga2e|d SA 2112INIg
10201 6v'T g09-p sAdnaInig
09T 20T 8¢'T gdVv/I132V SA dll.Inidg
T9'T ‘€8°0 oT'T 0Q3de|d SA dOD-p
0LT 0T GE'T 0Q9Je|d SA gdV/130V
€9'T '€8°0 LTT g00-P SA gdV/ITOV

1D %S6 dd Sjuawieal |

uoissaiBal eunuiwngy (4

panunuoy "6 alge.L



Fac. of Grad. Studies, Mahidol Univ. Ph.D.(Clinical Epidemiology) / 49

Figure 2.1. Flow of study selection

304 studies identified 369 studied identified
from Medline from Embase

> 157 duplicates removed

A

367 studies excluded: Reasons for exclusion were
516 titles/abstracts - 138 non-RCTs
evaluation "|- 119 non-ACEI/ARB interventions
- 49 no outcome of interest
- 43 non-type 2 diabetic participants
- 10 non-active drugs/placebo comparators
- 3 non-available abstracts
- 3 ACEI/ARB comparators
- 2 cross over design

A

) 4 _st_udies 153 full papers were 125 studies exclude_d: Reasons for exclusion were
identified from > reviewed > - 56 no outcome of interest
reference - 26 duplicated reports
- 14 non-RCTs

- 6 non-type 2 diabetic participants
- 6 non-active drugs/placebo comparators

v - 6 non-English literatures
o ) - 5 cross over design
28 studies included in the - 3 non-ACEI/ARB interventions
review & data extraction - 3 ACEI/ARB coparator
A
A v

18 studies compared ACEI/ARB vs active
drugs (31 comparisons) for the following
outcomes

-6 ESRD

- 2 Doubling of serum creatinine

- 1 Major micro-vascular complications

- 8 Macro-albuminuria

- 6 Micro-albuminuria

- 9 Regression of albuminuria

13 studies compared ACEI/ARB vs Placebo
(20 comparisons) for the following outcomes
-4 ESRD

- 5 Doubling of serum creatinine

- 4 Major micro-vascular complications

- 5 Macro-albuminuria

- 4 Micro-albuminuria

- 2 Regression of albuminuria
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CHAPTER Il
EPIDEMIOLOGICAL STUDY OF CHRONIC KIDNEY DISEASE
PROGRESSION: A LARGE-SCALE POPULATION-BASED
COHORT STUDY

3.1 Introduction

CKD is now recognized as one of the leading causes of disease burden
globally. The prevalence of CKD with GFR categories 1 (G1) to 4 (G4) were 13.1% to
17.5% in the adult US and Thai population, respectively (1, 2). Although several
previous community-based studies (3-10) have assessed the prognosis of CKD in
general populations, none has yet estimated the time for changing kidney function and
the probability of kidney failure or death according to each GFR category, particularly
for early stages of G1 and G2. Although some studies had large overall sample sizes
(4, 7), most of them had relatively low numbers of subjects for each GFR category,
lacked information on progression through GFR categories (3, 4, 6-10), had short
follow-up times (4-6, 8), and were thus unable to assess the probability of kidney
failure or death. In addition, a high proportion of CKD subjects died before reaching
kidney failure, therefore estimating the rate of kidney failure occurrence without
taking into account death as a competing risk would yield biased results (11). We
therefore conducted a large retrospective cohort study considering death as a
competing risk, which aimed to quantify CKD progression starting forward from G1

to kidney failure, separately in diabetic and non-diabetic patients.

3.2 Literature review
A systematic review was performed by identifying studies assessing the
natural histories and/or prognostic factors of CKD progression. Studies were identified

from the Medline database (up to July 22, 2012) using the PubMed search engine. The
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search strategies were (““Chronic kidney disease” OR “CKD” OR “eGFR” OR
“GFR” OR ““glomerular filtration rate” OR “kidney function” OR *“renal function™)
AND (“mortality” OR ““end stage renal disease” OR ESRD OR *“progressive chronic
kidney disease”” OR *““natural history” OR ““progression”) AND (““population base”
OR *““‘community base”) AND (*“cohort”” OR "follow up"). Studies were reviewed if
they were community-based or population-based cohorts and evaluated the natural
history of CKD, with or without prognostic factors of CKD progression. Studies which
enrolled too specific groups of participants, i.e., CVD, HIV-positive, age-specific
(children and elderly) and sex-specific were excluded.

Of 514 articles located, full papers of 21 articles plus 13 additional studies
from reference lists met the criteria for review. Seven studies (5-9, 12, 13) which
evaluated the kidney failure and/or death were located. These studies enrolled 13,117
to 2,583,911 participants and had the median follow up time of 2 to 7.5 years. Among
these studies, 4 (6-8, 12) provided information on CKD progression, and 3 (5, 9, 13)
were risk studies of CKD and thus were excluded, see Figure 3.1.

Among 4 studies which provided information on CKD progression, 1 (7)
reported the probability of kidney failure/death at 5 years, 2 (6, 8) reported the kidney
failure/death rate stratified by levels of proteinuria, and 1 (12) did not take into
account proteinuria. Only 1 study (12) reported the prognostic factors and their
prognostic effects on CKD progression to kidney failure.

3.2.1 Kidney failure outcome

Probability of kidney failure

The probability of kidney failure at 5 years was 1.1%, 1.3%, and 19.9% for
CKD stages 2, 3, and 4 respectively.

Rate of kidney failure

The rate of kidney failure ranged from 0.005 to 0.13/100 patient-years for
CKD stages 1 and 2 with mild proteinuria, and 0.1 to 0.48/100 patient-years for CKD
stages 1 and 2 with heavy proteinuria, 0.02 to 0.08/100 patient-years for CKD stage 3a
with normal proteinuria, 0.07 to 0.22/100 patient-years for CKD stage 3a with mild
proteinuria, 0.43 to 0.80/100 patient-years for CKD stage 3a with heavy proteinuria,
0.13 to 0.16/100 patient-years for CKD stage 3b with normal proteinuria, 0.42 to
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0.44/100 patient-years for CKD stage 3b with mild proteinuria, 1.59 to 1.61/100
patient-years for CKD stage 3b with heavy proteinuria, 0.57 to 1.27/100 patient-years
for CKD stages 4 and 5 with normal proteinuria, 1.6 to 2.52/100 patient-years for
CKD stages 4 and 5 with mild proteinuria, and 5.79 to 6.59/100 patient-years for CKD
stages 4 and 5 with heavy proteinuria. When proteinuria was not considered, the rate
of kidney failure was 0.77, 3.53, and 24.74/100 patient-years for CKD stages 3a, 3b
and 4 and 5 respectively.

Prognostic factors for kidney failure

Diabetes vs. non-diabetes (HR = 6.10, 95% CI: 4.57, 8.13), age (> 55 vs
< 55 years, HR = 1.60, 95% CI: 1.21, 2.10), sex (male vs. female, HR = 1.49, 95% ClI:
1.10, 2.01), SBP (/1 unit increased, HR = 1.44, 95% CI: 1.31, 1.59), race (African
American vs white, HR = 2.47, 95% CI: 1.17, 5.21), coronary heart disease (CHD) vs
non-CHD, HR = 1.60, 1.05, 2.43), BMI (/1 kg/m? increase, HR = 1.13, 95% CI: 1.00,
1.29), smoking status (current vs never, HR = 1.93, 95% CI: 1.38, 2.70, former vs
never, HR = 1.64, 95% CI: 1.18, 2.27), and triglyceride (In[triglyceride], HR = 1.68,
95% CI: 1.23, 2.32), were significantly associated with kidney failure incidence.

3.2.2 Death outcome

Probability of death

The 5-year probabilities of death were 19.5% (95% CI: 17.6, 21.4), 24.3%
(95% CI: 23.5, 25.1), and 45.7% (95% ClI: 42.2, 49.5) for CKD stages 2, 3, and 4
respectively.

Rate of Death

The death rate ranged from 0.58 to 0.84/100 patient-years for CKD stages
1 and 2 with mild proteinuria, 0.72 to 1.10/100 patient-years for CKD stages 1 and 2
with heavy proteinuria, 0.29 to 0.44/100 patient-years for CKD stage 3a with normal
proteinuria, 0.52 to 0.75/100 patient-years for CKD stage 3a with mild proteinuria,
0.72 to 0.97/100 patient-years for CKD stage 3a with heavy proteinuria, 0.40 to
0.59/100 patient-years for CKD stage 3b with normal proteinuria, 0.58 to 0.89/100
patient-years for CKD stage 3b with mild proteinuria, 0.75 to 0.98/100 patient-years
for CKD stage 3b with heavy proteinuria, 0.67 to 0.93/100 patient-years for CKD
stages 4 and 5 with normal proteinuria, 0.91 to 1.28/100 patient-years for CKD stages
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4 and 5 with mild proteinuria, and 1.04 to 1.80/100 patient-years for CKD stage 4 and

5 with heavy proteinuria.

3.2.3 Conclusion from the literature review

Although several previous community-based studies (3-10) assessed the
prognosis of CKD in general population, none has yet estimated the time for changing
kidney function and the probability of kidney failure or death according to each GFR
category, particularly for early GFR categories of G1 and G2. Although some studies
had large overall sample sizes (4, 7), most of them had relatively low numbers of
subjects for each GFR category, lacked information on progression through GFR
categories (3, 4, 6-10), had short follow-up times (4-6, 8), and were thus unable to
assess the probability of kidney failure or death. In addition, a high proportion of CKD
subjects died before reaching kidney failure, therefore estimating the rate of kidney
failure occurrence without taking into account death as a competing risk would yield
the biased results (11).

3.3 Methods

3.3.1 Setting & participants

The design of this study was a retrospective cohort of CKD subjects living
in Ubon Ratchathani province, Thailand. Subjects were enrolled to our cohort since
they were first diagnosed as CKD. The province consists of 20 districts with a
population of 1.8 million. The Ubon Ratchathani Public Health Office (UBPHO) has
provided medical services under a universal coverage scheme launched by the Thai
government since 2002. This scheme provides a health promotion service called a
"core package”, which includes annual screening for hypertension, diabetes,
dyslipidemia, cardiovascular diseases (CVDs), and includes core laboratory tests (i.e.,
complete blood count (CBC), fasting plasma glucose (FPG), lipid profile, blood urea
nitrogen (BUN), serum creatinine, and urine analysis (UA)). The UBPHO
computerized databases were retrieved between 2002 and 2011 and then were merged

with the hospital databases from 20 district hospitals (covering ~ 98% of records for
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both out- and in-patients) from 1997 to 2011. The 2 databases were then linked to the
Thailand death registry using individuals' unique personal identification numbers, see
Figure 3.2.

Subjects were eligible if they had the following criteria:

0 Aged 18 years or older,

o0 Had been diagnosed as having CKD at the time of screening or later at
follow up of diseases/conditions identified at screening,

0 Had at least 3 months of follow-up.

Subjects were excluded if they had the following criteria:

o0 Had received maintenance dialysis and/or transplantation

3.3.2 Studied variables and measurements

CKD & CKD Progression

We used the current CKD nomenclature recommended by the Kidney
Disease: Improving Global Outcomes (KDIGO) 2012 guideline to classify CKD and
its progression (14). CKD, persistent abnormalities of kidney structure or function for
longer than 3 months, were classified based on cause, GFR, and albuminuria category
(CGA) as follows: cause included diabetes and non-diabetes, GFR category consisted
of normal or high (> 90 ml/min/1.73 m?, G1), mildly decreased (60 - 89 ml/min/1.73
m2, G2), mildly to moderately decreased (45 - 59 ml/min/1.73 m?, G3a), moderately to
severely decreased (30 - 44 ml/min/1.73 m?, G3b), severely decreased (15 - 29
ml/min/1.73 m?, G4), and kidney failure (< 15 ml/min/1.73 m?, G5). Albuminuria
category was classified as normal to mild (albumin-to-creatinine ration (ACR) < 30
mg/g, or protein reagent strip negative to trace, A1), moderate (ACR 30 - 300 mg/g, or
protein reagent strip +, A2), and severe (ACR > 300 mg/g, or protein reagent strip >
++, A3). GFR and albuminuria were repeatedly assessed every 3 - 6 months depending
on patients’ conditions. CKD progression was defined as a change of GFR category
with 25% or greater drop in e-GFR from baseline.

The serum creatinine was measured using the Modified Jaffe method at
each hospital’s laboratory unit. The automated clinical analyzers used in district
hospitals were ABX Pentra 400®, Cobas®, and Erba Mannheim®. The laboratory tests

of these hospitals were standardized and calibrated every 3 months by the Department
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of Medical Science, Ministry of Public Health of Thailand. The modified Jaffe method
was then converted to the Isotope Dilution Mass Spectrometry (IDMS) equivalent
using the calibration equation from the Thai SEEK study (2). The e-GFR was then
calculated using the CKD-EPI equation (15). To avoid acute changes in creatinine due
to intercurrent illness, only out-patient determinations of serum creatinine and urine
analysis were used. The urine analysis was done using a urine dipstick for testing urine
protein (CYBOW™, Gyung-Num, Republic of Korea) and microscopic examinations.
The result was reported as negative, trace, or > 1+.

Diabetes mellitus

Diabetes was identified from the databases according to the ICD10 code
which codes E10-E14. Diagnosis of diabetes was made by physicians based on
elevated fasting plasma glucose (> 126 mg% on 2 consecutive occasions) along with
clinical presentations of diabetes. In addition, this diagnosis was verified by the
evidence of repeated determinations of fasting plasma glucose or prescriptions of anti-
diabetic medications.

All-cause mortality

All-cause mortality was retrieved from the Bureau of Strategy and
Statistics, Ministry of Public Health database from January 01, 1997 to December 31%,
2011. The data were validated by verifying with death certificate information from the
Ministry of the Interior. It is mandatory that all deaths are registered in Thailand, so

death registries were considered complete and no loss to follow up was assumed.

3.3.3 Statistical analysis

Imputation

Among 32,106 eligible subjects, the data for body weight, height,
albuminuria at baseline were missing in 0.5%, 12.4% and 25% of subjects,
respectively. The missing data were thus imputed using multivariate chain equation

assuming that the data were missing at random (16, 17), as in the following equations:
t+1
XD s g (XX, -, XD, Z,0)

XS g, (X | XD X, L, X, 2,0,
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(t+1) (t+1) (t+1) (t+1)
Xy gy Xpl Xy TV X L Xy 2,0y
Where Xjare imputation variables i for iterationatt=0, 1, ..., T until

convergence att =T,
@, are corresponding model parameters with a uniform prior,

g;j () are multivariate imputation models with logit link function for

dichotomous variable, identical link for continuous variable, and multi-

logit link for categorical variable.

Twenty imputations were constructed using linear regression to obtain the
summarized estimates for further analysis (18). More details of imputation using
STATA commands have been described in Appendix II.

Competing risk model

Time from diagnosis of CKD to CKD progression or death, whichever
occurred first, was calculated for each subject. Subjects were censored if they were
free from interested events and competing risk event at the end of the study period,
i.e., December 31%, 2011. Our outcomes of interest were CKD progressions, which
were changes forward from G1 to G2, G2 to G3a, G3a to G3b, G3b to G4, and G4 to
G5, whereas higher GFR category for each change and death were considered as
competing risk events. For instance, G3a, G3b, G4, G5, and death were considered as
competing-risk events for a change from G1 to G2. The subdistribution hazard
function (sqHF) (19-21) was used to estimate the cumulative incidence function (CIF)
and the median times of CKD progression for each change separately by diabetic and
non-diabetic subjects. GFR category was treated as time varying covariates.

The cause specific hazard function (csHF) (19-21) was used to estimate the
cause specific hazard ratio (sHR) of diabetes on kidney failure (i.e., interested event)
and death (i.e., competing risk event) adjusting for baseline characteristics and co-
morbidities, i.e., sex, body mass index (BMI), hypertension, CVDs and albuminuria
category. Age was not included in the multivariate cause specific hazard model
because it had already been taken into account in the GFR estimation. In addition, the
naive Kaplan-Meier (KM) method was also applied to estimate the probability of

interested events without accounting for competing risk of death. All analyses were
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performed using STATA version 13.0, and P-value less than 0.05 was taken as the
threshold for statistical significance (for more details of statistical analysis, see

Appendix I11).

3.4 Ethical considerations

The study protocol was reviewed and approved by the Ramathibodi
Hospital Ethical Committee and the Ethical Committee of Ubon Ratchathani Public
Health Office. Permissions for obtaining and describing data were approved. The

patient records/information was anonymized and de-identified prior to analysis.

3.5 Results

A flow chart of data retrieval for our cohort has been demonstrated in
Figure 3.2. Among approximately 1.3 million adult population, 646,618; 434,493 and
216,151 were in age groups of 18 - 39, 40 - 59, and 60 years or older, respectively. Of
these, 51,384 (7.9%), 87,662 (20.2%), and 80,319 (37.2%) in the corresponding age
groups were screened for CKD between 1997 and 2011, respectively. A total of
32,106 subjects were classified as CKD according to the criteria of GFR and
albuminuria. Among them, 17,074 (53.2%) and 15,032 (46.8%) subjects were
respectively non-diabetes and type 2 diabetes, respectively.

Their baseline characteristics have been described in Table 3.1. Among
diabetic subjects, the mean age was 60.6 years, 27% were males, and the median
follow-up time was 4.7 years (range: 0.3, 14.2) with 70,414 person-years of
observation. The median duration of diabetes was 2.0 years (range: 0, 11.8 years), and
most subjects (70.5 %) received oral hypoglycaemic drugs, followed by insulin (14.6
%), both oral hypoglycaemic drugs and insulin (8.0 %), and diet control only (6.9%).

Among non-diabetic subjects, the mean age was 65.3 years, 45% were
males, and the median follow-up time was 4.2 years (range: 0.3, 14.3) with 72,879
person-years of observation. All covariate distributions were statistically different
between diabetic and non-diabetic groups, except the mean systolic blood pressure and

diastolic blood pressure, respectively. Notably, the proportion of subjects on renin-



Phisitt Vejakama CKD Progression / 76

angiotensin system blockade agents was significantly higher in the diabetic than non-
diabetic groups (26.8% vs 13.3%, p < 0.001), see Table 3.1.

3.5.1 CKD progression

The numbers of GFR categories G1, G2, G3a, G3b, G4, and G5 at baseline
enrollment have been described in Table 2.1. Additional baseline characteristics of
subjects by GFR category have also been described in Table 3.3. The median times for
CKD progression were estimated separately by diabetic and non-diabetic group, see
Figure 3.3. This suggested that diabetic subjects progressed more rapidly through GFR
categories with the median times for CKD progression from GFR category G1 to G2,
G2 to G3a, G3a to G3b, G3b to G4, and G4 to G5 of 4.4, 6.1, 4.9, 6.3, and 9.0 years,
respectively. Non diabetic subjects took longer to progress with the corresponding

median times of 9.4, 14.0, 11.0, 13.8, and > 14.3 years, respectively.

3.5.2 Kidney failure

The overall kidney failure rates were 2.8% (95% CI: 2.7, 2.9) and 1.8%
(95% CI: 1.7, 1.9) in diabetic and non-diabetic subjects, respectively. The CIF curves
of kidney failure were plotted against the KM-methods, see Figure 3.4. This suggested
that the probabilities of kidney failure by CIFs at 2, 5, and 10 years from index date
were respectively 3.7%, 11.0%, and 25.3% for diabetic subjects; and 3.1%, 7.5%, and
13.8% for non-diabetic subjects. The naive KM method tended to overestimate the
probabilities of kidney failure when compared to the CIFs, i.e., the probabilities at 2,
5, and 10 years were 3.8%, 11.8%, and 30.8% for diabetic subjects and 3.2% , 8.2%,
and 17.3% for non-diabetic subjects, respectively.

After adjusting for sex, body mass index (BMI), hypertension, CVDs, and
albuminuria at baseline, the ¢sHR of diabetes was 1.49 (95% CI: 1.37, 1.62), indicating
diabetic subjects were 49% significantly higher risk to develop kidney failure than
non-diabetic subjects, see Table 3.2. Albuminuria at baseline was strongly associated
with kidney failure with the sHRs of 1.71 (95% CI: 1.53, 1.92) and 3.40 (95% CI:
3.07, 3.76) for albuminuria category A2 and A3 compared to Al, respectively. In
addition, having hypertension and CVDs at baseline were also at higher risk to
develop kidney failure with the sHRs of 1.47 (95% CI: 1.35, 1.60) and 1.49 (95% CI:
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1.37, 1.63), respectively. Conversely, higher BMIs were approximately 28% (95% ClI:
21%, 34%) and 55% (52%, 59%) lower risk of kidney failure for the BMIs of
22 -24.9 and > 25 relative to BMI < 22 kg/m?, respectively.

3.5.3 Death rate

The overall death rates were 5.3% (95% CI: 5.1%, 5.5%) and 5.9% (95%
Cl: 5.8%, 6.1%) in diabetic and non-diabetic subjects, respectively. The overall
probabilities of death at 2, 5, and 10 years from index date were respectively 6.0%,
21.1%, and 48.9% for diabetic subjects and 8.3%, 24.2% and 48.1% for non-diabetic
subjects. The death rates of these two groups were stratified by GFR and albuminuria
category, see Figure 3.3. This suggested that, for each albuminuria category, the death
rates gradually increased from G1 to G4 and sharply increased from G4 to G5 in both
non-diabetic and diabetic subjects. For each GFR category, the death rate increased as
albuminuria increased particularly in diabetic subjects, which was approximately two
times higher in A3 compared to Al. The death rates were slightly different from G1 to
G4 in both groups, but were substantially higher in diabetic than non-diabetic groups
in G5.

After adjusting for age, sex, BMI, hypertension, CVDs, and albuminuria at
baseline, the risks of death was 6% (csHR = 1.06: 95% CI: 1.01, 1.12) significantly
higher for diabetic subjects when compared to non-diabetic subjects, see Table 3.2.
CVDs had the strongest effect on death with the ¢sHR of 3.11 (95% CI: 2.84, 3.41).
Albuminuria categories A2 and A3 were 1.28 (95% CI: 1.18, 1.39) and 2.01 (95% CI:
1.87, 2.17) times more likely to die relative to albumin category Al. Older age was
higher risk of death with the sHRs of 1.38 (95% CI: 1.11, 1.72) and 2.41 (95% CI:
1.93, 2.00) for age groups 40 - 59 and > 60 compared to age group < 39 years,
respectively. Hypertension was approximately 17% (95% CI: 5%, 30%) higher risk of
death than non-hypertension. Female and higher BMI were preventive factors of
death, i.e., females were 22% (95% CI: 16%, 28%) lower risk than males, whereas
BMIs of 22 - 24.9 and > 25 kg/m? were 35% (95% CI: 28%, 42%) and 55% (95% CI:
52%, 59%) respectively lower risk of death than BMI of < 22 kg/m?.
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3.6 Discussion

We conducted a large cohort study of CKD patients with a median follow-
up time of 4.5 years in the context of normal primary care. This allowed us to clearly
quantify the progression of CKD in both general and diabetic populations. CKD
progressed more rapidly through kidney failure in diabetic subjects, and on average,
the rate of progression was about double, while the median times for progression were
respectively about 5 to more than 8 years shorter for changing GFR category in
diabetic subjects compared to non-diabetic subjects. Albuminuria, CVD, and
hypertension were associated with kidney failure progression, but conversely BMI was
found to reduce such risk.

Huge numbers of studies have assessed the risk of CKD occurrence in
general and high risk populations. Contrastingly, not many studies have determined
the progression of disease after CKD occurrence, and our systematic search in
Medline database (up to July 22, 2012) could only identify six studies of CKD
progression (6-8, 12, 13, 22). None of them provided times for changing GFR and
albuminuria categories, so our study should be able to fill in this remaining gap of
knowledge. Like other previous prognostic studies (6-9, 13, 22), our study also
showed consistent association between increased GFR and albuminuria categories and
rate of death. In addition to these studies, the prognosis of death among diabetic
subjects were slightly higher than non-diabetic subjects, but paradoxically the overall
rate of dying at each GFR category were higher in non-diabetic subjects, except for
GFR category G4 and G5 (data not shown). This may be because diabetic subjects
progressed through the GFR category more rapidly which resulted in opportunities for
other unobserved competing events (i.e., death in our case) to play more roles in non-
diabetic than diabetic subjects. However, such competing event effects were blunted
by the presence of severely increased albuminuria.

The association between BMI and CKD among general population has
been clear. However, association between BMI and kidney failure progression among
established CKDs has been controversial. This paradoxical inverse association was
consistent to findings obtained from previous studies (23-27), which probably
reflected better nutritional status among subjects with higher BMI and this may

contribute to the delayed kidney failure progression.
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The impacts of CKD on clinical outcomes have received less concern
given that globally more people are living with CKD than at any previous time (28).
The cost of renal replacement therapy in Thailand has risen steadily, i.e., 53, 467, 900,
1066 and 1300 million US$ in 2008, 2009, 2010, 2011, and 2012 respectively (29).
Unfortunately, policy makers and communities have paid insufficient attention to
CKD, i.e., limited resources have been allocated to CKD and to risk factors such as
diabetes. To decrease disease and economic burden of the country, the governments,
policy makers, and health care providers should implement effective treatment
managements, not only aiming at delaying CKD progression, but also implement
effective health promotion programs aiming at prevention of diabetes. In addition,
intensive treatments and health promotion programs should be urgently launched and
these should be included in the Universal Health Coverage program in Thailand.

Our study has some strengths. This is a large cohort of CKD subjects
recruited from real life practice that should be able to reflect the CKD progression of
Asian population. The sources of the studied populations were from both general and
high-risk populations, thus making the comparison of CKD prognosis in general and
high-risk CKD populations feasible. The follow up time was as long as 14 years with a
median of 4.5 years, which allowed us to estimate the median time of disease
progression from lower to higher GFR categories. The CKD misclassification was less
likely because the diagnosis of CKD required evidence of persistent abnormal urine
findings or decreased e-GFR on several occasions at least 3 months apart. Our study
investigated the outcomes of routine clinical practice currently provided for people
with CKD in real-world conditions.

Finally, we properly applied the subdistribution hazard model to predict
the disease prognosis (i.e., CIF of CKD progression) and the cause-specific hazard
model to evaluate the prognostic effects (i.e., sHRS) on kidney failure/death separately
by non-diabetic and diabetic subjects (21, 30). The probability of CKD progression
was estimated in the presence of competing risks (i.e., higher GFR category and
death), which yielded more accurate estimates than the naive KM method (19-21). The
KM method treats death as censoring, given the basic assumption of constant hazard
that censored subjects are independent and thus are good representatives for those

subjects who are still observed. In other words, the censored event should not alter or
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preclude (as in our case) kidney failure occurrence. In a real situation of chronic
illness such as CKD, subjects may die from other causes before reaching kidney
failure leaving only surviving subjects in the cohort. As such, the remaining subjects
are prone to survival bias, and thus they are not good representatives for the whole
cohort (11). Performing a proportional hazard assumption test for our data found
highly significant violation of this assumption (p < 0.001, data have not been shown).
If such assumption is not met, applying the naive KM method would lead to
overestimation of kidney failure rate. This is like what we observed in our data, the
KM method tended to yield higher probability of kidney failure than the CIF method
because it treated dead subjects as if they were still at risk of having kidney failure
(32). In this case, the KM method overestimated the cumulative probabilities of kidney
failure as a result of high rate of competing risk (32, 33). Although the competing risk
models have been applied and acknowledged more in cardiovascular and oncology
research, their methodological issues have only recently been discussed in Nephrology
(11, 30, 32, 33).

Our study also had some limitations. This study was a retrospective cohort
in which the data were retrieved from databases of routine practice. Data quality
controls, standardised laboratory tests, and completeness of data were not as good as a
prospective cohort with research purpose. Information on treatments of co-morbidity
(i.e., DM, HT, CVD, dyslipidemia) such as types of drug, drug dosage, drug
compliance, achievement of treatment targets or treatments of CKD itself were
lacking. This may result in biased prognostic effects of the studied co-variables. This
cohort was conducted using data from only one province located in North Eastern
Thailand, where the CKD prevalence was highest compared to other regions, except
Bangkok (2). The healthcare resources, in terms of density of nephrologists,
clinicians, nurses, and other health professionals were low compared to other regions
of the country. Consequently, the pattern of CKD progression obtained under these
conditions may not be similar to other developed countries, but may be generalisable
to developing countries with similar structures.

In conclusion, our study has described CKD progression in a Thai
population with current clinical practice. The CKD progressed more rapidly and was

more likely to reach to kidney failure in diabetic than non-diabetic subjects. These
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subjects may need more aggressive assessments and treatments in order to delay their

disease progression and increase survival.
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Table 3.1. Baseline characteristics of subjects by non-diabetic and diabetic groups

Characteristics Non-diabetic Diabetic P-value
N=17,074 N=15,032
Follow-up time, years, median 4.2 (0.3,14.3) 4.7 (0.3,14.2) <0.001
(range)
Age, year, mean (SD) 65.3 (13.9) 60.6 (11.0) <0.001
Male, no (%) 7659 (44.4) 4048 (26.9) <0.001
BMI?, mean (SD) 22.0 (4.4) 23.8 (4.1) <0.001
e-GFR®, ml/1.73 m?, mean (SD) 45.8 (22.5) 47.8 (18.9) <0.001
SBP¢, mmHg, mean (SD) 127.6 23.1) 127.6 (19.6) 0.898
DBPY, mmHg, mean (SD) 77.1(13.2) 77.0 (11.2) 0.337
Co-morbidity, no (%)
HT® 6190 (36.3) 6455 (42.9) <0.001
CVvD' 2472 (14.5) 1569 (10.4) <0.001
Dyslipidemia 3657(26.7) 5416 (39.1) <0.001
RAS? blockade use, no (%) 2276 (13.3) 4023 (26.8) <0.001
GFR category, no (%)
G1 902 (5.3) 601 (4.0) <0.001
G2 1439 (8.4) 1069 (7.1) <0.001
G3a 6347 (37.2) 7001 (46.6) <0.001
G3b 4475 (26.2) 4152 (27.6) 0.005
G4 2759 (16.1) 1825 (12.1) <0.001
G5 1152 (6.8) 384 (2.6) <0.001
Albuminuria category, no (%)
Al 6867 (53.4) 5170 (44.8) <0.001
A2 3485 (27.1) 3367 (29.2) <0.001
A3 2510 (19.5) 3008 (26.1) <0.001

2hody mass index, ° estimated glomerular filtration rate, ¢ systolic blood pressure, ¢ diastolic blood

pressure, ¢ hypertension, f cardiovascular disease, g° renin-angiotensin system
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Table 3.2. Risk effect of diabetes on kidney failure and death: A cause specific hazard

competing risk model

Characteristics Kidney failure Death
sHR? (95% CI) p-value sHR (95% CI) p-value
Diabetes
No 1 1
Yes 1.49 (1.37, 1.62) <0.001 1.06 (1.01, 1.12) 0.027
Albuminuria at baseline
Al 1 1
A2 1.71 (1.53, 1.92) <0.001 1.28 (1.18, 1.39) <0.001
A3 3.40 (3.07, 3.76) <0.001 2.01(1.87,2.17) <0.001
HT®
No 1 1
Yes 1.47 (1.35, 1.60) <0.001 1.17 (1.05, 1.30) 0.006
CvDe¢
No 1 1
Yes 1.49 (1.37, 1.63) <0.001 3.11(2.84,3.41) <0.001
Age
18-39 NA® 1
40-59 NA 1.38 (1.11, 1.72) <0.001
>60 NA 2.32(1.93, 3.00) <0.001
Sex
Male 1 1
Female 1.01 (0.93, 1.98) 0.802 0.78 (0.72,0.84) <0.001
BMI®
<22 1 1
22-24.9 0.72 (0.66, 0.79) <0.001 0.65 (0.58,0.72) <0.001
>25 0.60 (0.54, 0.66) <0.001 0.45 (0.41, 0.48) <0.001

a cause specific hazard ratio, ® hypertension, ¢ cardiovascular disease, ¢ not applicable, ¢ body mass index
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Table 3.3. Baseline characteristics of subjects by GFR category and diabetic groups

GFR category

Group Gl G2 G3a G3b G4 G5
Non-diabetic n=902 n=1,439 n=6,348 n=4,480 n=2,796 n=1,109
Age, year, mean (SD) 41.7 (12.3) 53.7 (14.8)  66.7 (11.5) 69.2 (11.3) 69.7 (12.0) 64.6(13.1)
Male, no. (%) 474 783 (54.4) 2,843 (44.8) 2,032 (45.4) 1,143 (40.9) 384 (34.6)
(52.6)
Co-morbid, no. (%)
HT 90 (10.0) 221 (15.4) 3,004 (47.3) 1,821 (40.7) 810(29.0) 244 (22.0)
CVvD 90 (10.0) 130(9.0) 1,062 (16.7) 697 (15.6) 394 (14.1) 99 (8.9)
Dyslipidemia 171 268 (23.0) 1661 (30.3) 996 (27.0) 457 (22.0) 104 (16.2)
(25.9)
G1 G2 G3a G3b G4 G5
Diabetic n=601 n=1,069 n=7,002 n=4,152 n=1,845 n=363
Age, year, mean (SD) 47.1(10.2) 52.5(10.8) 60.8(10.2) 62.9(10.5) 63.4(10.5) 63.3(10.9)
Male, no. (%) 185 341 (31.9) 1913(27.3) 1,047 (25.2) 469(25.4) 93(25.6)
(30.8)
Co-morbid, no. (%)
HT 128 343 (32.1) 3,167 (45.2) 1,868 (45.0) 766 (41.5) 183(50.4)
(21.3)
CVvD 56 (9.3) 97 (9.1) 700 (10.0) 463 (11.2) 205 (11.1) 48(13.2)
Dyslipidemia 212 413 (40.5) 2,069(39.1) 1,490(39.3) 628(40.5) 64 (28.1)

(37.1)
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Figure 3.1. Flows of selected studies
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17 studies excluded: reasons
for exclusion were

-6 did not evaluate mortality or
ESRD outcomes

-5 did not evaluate the effect
of CKD on mortality/ESRD
outcome

- 3 were risk studies

-1 conducted in elderly

-1 compared CKD-EPI &
MDRD

-1 evaluated non-vascular
mortality outcome
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Figure 3.2. Flow of cohort study and data retrieval
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Figure 3.4. Estimation of probability of kidney failure by diabetic groups:
Subdistribution hazard vs KM method
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CHAPTER IV
PROGNOSTIC FACTORS OF ALL-CAUSE MORTALITIES IN
CONTINUOUS AMBULATORY PERITONEAL DIALYSIS:
A COHORT STUDY

4.1 Introduction

The global burden of ESRD is increasing rapidly (1-3) with a prevalence
of 0.2% in the USA, and 0.3% in Thailand respectively (4, 5). Renal replacement
therapy (i.e., renal transplantation or dialysis) is required for ESRD patients, and 2
dialysis modalities, hemo-dialysis and CAPD, have been widely used. The numbers of
patients on CAPD has been growing rapidly in Asian countries, representing about
71% of dialysis patients in Hong Kong, and 21% in Thailand in 2011 (6). A health
care reform scheme for all Thai citizens, called the “Universal Coverage” scheme
(UC) was first initiated in 2002, and it has covered renal replacement therapy for
CAPD-first treatment since 2008. The usage of four 2-L daily exchanges with double-
bag disconnected systems has been a standard CAPD regime in Thailand.

Adequacy targets for CAPD are primarily based on the weekly clearances
of urea (Kt/V) or creatinine (Crcl) which are expressed as renal Kt/V (rKt/V),
peritoneal Kt/V (pKt/V), total Kt/V (tKt/V); or renal Crcl (rCrcl), peritoneal Crcl
(pCrecl), and total Crcl (tCrcl) respectively. The effect of rKt/V on survival in CAPD
patients has been well-documented (7-15), but the roles of pKt/V, tKt/V and tCrcl are
controversial. Some studies(10, 16) found that higher pKt/V and/or tKt/\VV were
associated with longer survival times, whereas some observational studies (7-9, 11-13)
and randomized controlled trials (14, 15) did not find such associations. Many factors
may affect these outcomes, such as dialysis dosage, residual renal function, power of
test, cutoff threshold used, and follow-up period.

We therefore conducted a cohort study with 3 years’ follow up to answer
the following research questions: Can tKt/V, rKt/V, and tCrcl significantly predict
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disease prognosis in CAPD patients? If so, what are the cutoffs that can be used to

predict patient’s outcomes?

4.2 Methods

4.2.1 Setting & Participants

This cohort study covered patients receiving four 2-L. CAPD exchanges at
82 general hospitals, belonging to the Ministry of Public Health, Thailand. Data from
the National Health Security Office (NHSO) were retrieved between January 2008 and
April 2011. The study was approved by the Ramathibodi Hospital Ethical Committee.

Patients aged 15 years or older were eligible if they met the following
criteria: Firstly initiated CAPD and participated in the CAPD first-policy from January
2008 to April 2011, survived more than 1 month after initiating CAPD, and had at
least 1 tKt/V during the studied period.

Patients were ineligible if they had the following criteria: on CAPD due to
acute renal failure, aged > 100 years, tKt/V < 0.5 or > 5, tCrcl < 10 or > 400
L/week/1.73 m?, serum albumin level < 0.3 or > 6 g/dl, hemoglobin level < 3 or > 20
g/dl, urine volume < 0 or > 4,000 ml, ultra-filtration (UF) volume < -2,000 or > 4,000
ml, SBP < 40 or > 300 mmHg, or DBP < 10 or > 200 mmHg.

4.2.2 Clinical endpoint

The primary outcome of the study was time since first initiation of CAPD
therapy to death. Patients were censored if they were lost to follow up, or survived at
the end of the study (May 2011). Death referred to all-cause mortalities and the data
were validated by cross-referencing with the death certificate database from the
Ministry of the Interior.

4.2.3 Prognostic factors
The studied prognostic factors were renal (i.e., rKt/\VV and rCrcl) and
peritoneal (i.e., pKt/V and pCrcl) small solute clearances. The former clearance was

estimated using a ratio of concurrent urea/creatinine excretion in 24-hour urine
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whereas the latter clearance was estimated using 24-hour dialysate effluent. The total
small solute clearance (e.g., tKt/V or tCrcl) was the summation of renal and peritoneal
small solute clearances. Urea distribution volume (V) was measured using Watson's
formula (17).

These small solute clearances (i.e., rKt/V, tKt/V, tCrcl) and other variables
were considered in the prognostic model, which included age, gender, body mass
index (BMI), serum albumin, hemoglobin, UF volume, SBP, DBP, and co-morbidities
(i.e., diabetes, hypertension and/or CVD). Among these variables, tKt/V, rKt/V, tCrcl,
BMI, serum albumin, hemoglobin, UF volume, SBP, and DBP were considered in the

analysis as time-varying covariates, whereas the rest were fixed variables.

4.2.4 Statistical analyses

Imputation

Among 1,177 eligible patients, the data for UF volume, hemoglobin,
serum albumin, rKt/V, BMI, tCrcl, and co-morbidities were missing in 0.3%, 1.1%,
3.3%, 6.5%, 11.5%, 16.7%, and 36.3% of patients, respectively. For each patient, the
last observed value was carried forward to replace missing data. Then, the rest of the
missing data were imputed using multivariate chain equations. A simulation-based
procedure (18, 19) with the assumption that data were missing at random was applied.
Logistic and linear regressions were applied to predict missing data for dichotomous
and continuous data, respectively. Twenty imputations were performed to allow for
the uncertainty of imputed data and the summarized values were then used (20) (for

more details of imputation using STATA commands, see Appendix I1).

Calibration of the cutoff threshold

The receiver operating characteristic (ROC) curve was used to determine
the cutoffs of tKt/V, rKt/V, and tCrcl which could discriminate death from living
patients. Each variable was separately fitted in the ROC model as both continuous and
categorized variables. For categorical variables, they were categorized according to
tertile distributions. The likelihood ratio positive (LR+) and Youden’s index (i.e.,

highest sensitivity + specificity - 1) (21) were then used to select the cutoff threshold.
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The performance of the cutoff thresholds suggested by the two methods were
incorporated which led to the final cutoffs (for more details, see Appendix 1V).

KM was applied to estimate the overall death rate and probability of death
at 12 -, 24 -, and 36 - months after first-initiated CAPD. A patient was censored if s/he
had one of the following events: loss to follow-up, withdrew from the CAPD program,
or alive at the end of follow up period. Cox-regression models with time varying
covariates were applied to assess prognostic effects by fitting equations which
separately contained rKt/V and tKt/V. Prognostic scores were then calculated from the
final Cox models. The ROC curve analysis was used to estimate the area under the
ROC curves (AUC) between the two prognostic scores (22).

All analyses were done using STATA software version 12. The p-value of
less than 0.05 was considered statistically significant.

4.3 Results

We identified 11,523 patients in the CAPD registry and follow-up
databases from January 2008 to May 2011. Among them, 11,352 patients were aged
15 years or older, but only 1,188 (10.5%) patients had at least one tKt/V data. Eleven
patients had a tKt/V out of the acceptable range (i.e., tKt/V < 0.5 or > 5) and thus they
were excluded, leaving 1,177 patients with 23,144 observations for the primary
analysis, see Figure 4.1. Baseline characteristics of eligible versus ineligible subjects
were compared which found that eligible patients were younger (50 vs. 53, p < 0.001),
had slightly higher proportions of anuria (5.4% vs. 2.9%, p < 0.001), serum albumin
(3.3 vs. 3.2, p < 0.001), hemoglobin (9.0 vs. 8.8, p < 0.001), and urine output (704 vs.
645 ml, p < 0.001), than ineligible patients. However, both groups had similar
proportions of males (50.1% vs. 48.4%, p = 0.26, diabetes (33.2% vs.30.5%, p = 0.12),
hypertension (39 vs. 36 years, p = 0.08), cardiovascular disease (4.4 vs. 3.1 years,
p = 0.06), mean SBP (141 vs. 141 mmHg, p = 0.99), and mean DBP (81 vs. 80 mmHg,
p =0.29), see Table 4.1.



Phisitt Vejakama CAPD /96

4.3.1 Calibration of tKt/V, rKt/V and tCrcl cutoffs

Data for the tKt/V were categorized as < 1.75 (n = 384), 1.75 - 2.19 (n =
384), and > 2.19 (n = 409) using a tertile distribution. Fitting a continuous tKt/V in the
ROC curve analysis yielded an optimum cutoff based on Youden’s index of 1.65.
Sensitivity, specificity, and LR" of this cutoff were 0.40, 0.74, and 1.50, respectively.
Fitting a categorical tKt/V in the ROC analysis suggested that a cutoff of 1.75 yielded
sensitivity, specificity, and LR* of 0.45, 0.65, and 1.31, respectively. The AUCs were
similar for both variables, i.e., 0.556 (95% CI: 0.544, 0.568) vs. 0.551 (95% CI: 0.540,
0.562), respectively. The final cutoff of 1.75 was chosen because it provided higher
sensitivity.

Fitting rKt/V as a continuous variable in the ROC analysis resulted in an
AUC of 0.632 (95% CI: 0.620, 0.643). Applying Youden’s index suggested the cutoff
of 0.15 with sensitivity, specificity, and LR* of 0.45, 0.77, and 1.96, respectively. The
rKt/\V was categorized into 3 groups according to a tertile distribution, i.e., < 0.25,
0.25 - 0.49, and > 0.49, and fitting this categorical variable yielded the AUC of 0.612
(95% CI: 0.602, 0.623). Although this cutoff yielded slightly inferior performance
(i.e., sensitivity, specificity, and LR of 0.53, 0.66, and 1.57 respectively), this rKt/V
cutoff of 0.25 was chosen for further analyses because it provided higher sensitivity.

Fitting the tCrcl variable did not discriminate well between dead and
surviving patients with the AUCs of 0.519 (95% CI: 0.506, 0.533) and 0.513 (95% ClI:

0.501, 0.525) for continuous and categorical variables, respectively.

4.3.2 Prognostic factors of death

Among 1,177 patients, the person-time at risk was 21,831 patient-months
with a median follow-up of 22.9 months (range: 1.8, 43.5). One-hundred and eighty
eight patients died which resulted in an overall death rate of 9.9 (95% CI: 8.6, 11.4)
per 100 patient-years. The probabilities of death at 12 -, 24 - and 36 - months were
6.7% (95% CI: 5.3%, 8.4%), 19.4% (95% CI: 16.7%, 22.4%) and 29.2% (95% ClI:
24.7%, 34.4%), respectively.

KM curves were plotted by tKt/\VV groups (see Figure 4.2A). This
suggested that the failure curves of tKt/\V of 1.75 - 2.19 and > 2.19 groups were
similar, but they were lower when compared with tKt/\VV < 1.75. The overall death



Fac. of Grad. Studies, Mahidol Univ. Ph.D.(Clinical epidemiology) / 97

rates were 1.03 (95% ClI: 0.83, 1.29), 0.72 (95% CI: 0.56, 0.94), and 0.71 (95% CI:
0.54, 0.92) per 100 patient-months for tKt/V < 1.75, 1.75 - 2.19, and > 2.19
respectively, see Table 4.2. The unadjusted hazard ratios (HRs) were 0.70 (95% CI:
0.49, 0.98), and 0.70 (95% CI: 0.50, 0.99) for tKt/V 1.75 - 2.19, and > 2.19 when
compared to tKt/V < 1.75, respectively. These two tKt/\V groups were then combined
because their HRs were similar.

The estimated probability of death was decreased as the rKt/V increased
(see Figure 4.2B). The estimated death rates were 1.65 (95% CI. 1.35, 2.01), 1.06
(95% CI: 0.80, 1.40), and 0.59 (95% CI: 0.41, 0.85) per 100 patient-months for rKt/\V
of < 0.25, 0.25 - 0.49, and > 0.49, respectively. The unadjusted HRs were 0.64 (95%
Cl: 0.45, 0.91), and 0.36 (95% CI: 0.23, 0.54) for the groups with rKt/V of 0.25 - 0.49
and > 0.49 when compared with the reference group of < 0.25, respectively. Other
covariables with p < 0.25 in the univariate analysis were age, BMI, serum albumin,
hemoglobin, UF volume, SBP, and diabetes (see Table 4.2).

After adjusting for covariables, patients with tKt/\V 1.75 or higher had 29%
(HR = 0.71 (95% CI: 0.52, 0.98) significantly lower risk of death than patients with
tKt/V < 1.75 (see Table 4.3). The effects of rKt/V on death were stronger than tKt/V,
with HRs of 0.56 (95% CI: 0.38, 0.80) and 0.30 (95% CI: 0.19, 0.47) for rKt/V 0.25 -
0.49 and > 0.49, respectively. This suggested higher rKt/V gave lower risk of death,
i.e., patients with rKt/V 0.25 - 0.49 and > 0.49 had approximately 44% and 70% lower
risk of death when compared to patients with rKt/\V lower than 0.25. We further
created predictions scores from model 1 and model 2 (see Table 4.3). Fitting these
scores in the ROC curve analysis yielded the AUCs of 0.753 (95% CI: 0.743, 0.763)
and 0.726 (95% CI: 0.716, 0.736) for model 1 and model 2, respectively, which
indicated rKt/V was a better prognostic factor of death than tKt/V.

Age, serum albumin, hemoglobin, UF volume, and SBP were also
significant prognostic factors of death in both tKt/V and rKt/V models, but BMI and
diabetes were significant only in the tKt/\VV model. Patients aged 45 - 54 and 55 years
or older had respectively 1.89 (95% CI: 1.17, 3.04) and 2.70 (95% CI: 1.77, 4.13)
times higher risk of death than patients aged younger than 45 years. High serum
albumin resulted in better prognosis with 52% (HR = 0.48, 95% CI: 0.34, 0.70), and
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75% (HR = 0.25, 95% CI: 0.16, 0.40) lower risk of death for serum albumin 3.0 - 3.4
g/dl and > 3.4 g/dl respectively, when compared to albumin below 3.0 g/dl.

Hemoglobin showed an inverse dose-response relationship with death, and
those with hemoglobin levels of 9.0 - 10.9 and > 10.9 g/dl had 32% (HR = 0.68, 95%
Cl: 0.47, 0.97) and 56% (HR = 0.44, 95% CI: 0.28, 0.69) respectively significantly
lower risk of death than those with a hemoglobin level below 9.0 g/dl. UF volume
1,000 ml per day or higher reduced the risk of death by 47% (HR = 0.53, 95% ClI:
0.37, 0.76). Patients whose SBP were 140 mmHg or higher had 31% (HR = 0.69, 95%
Cl: 0.51, 0.94) significantly lower risk of death than those whose SBP were below 140
mmHg.

Higher BMI were associated with lower mortality with the adjusted HR of
0.73 (95% CI: 0.53, 1.04) for BMI 21 kg/m? or higher when compared with BMI less
than 21 kg/m?, but this was not statistically significant. The presence of diabetes
increased the risk of death by 43% with the adjusted HR of 1.43 (95% CI: 0.98, 2.09),
but this was also not statistically significant.

After adjusting for covariables, patients with tCrcl > 50 L/week/m? had
20% (HR = 0.80, 95% CI: 0.56, 1.13) lower risk of death than patients with tCrcl < 50
L/week/m?, although this was not statistically significant, and data have not been

shown.

4.4 Discussion

We conducted a retrospective cohort study of first-initiated CAPD patients
with a median follow-up time of 22.9 months. The 12 -, 24 - and 36 - months
probabilities of death were 6.7% (95% CI: 5.3%, 8.4%), 19.4% (95% CI. 16.7%,
22.4%), and 29.2% (95% CI: 24.7%, 34.4%), respectively with the overall death rate
of 9.9 (95% CI: 8.6, 11.4) per 100 patient-years. Prognostic factors of death were
explored suggesting that rKt/V was the strongest predictor of death followed by tKt/V.
The cutoff thresholds of these parameters that discriminated poor from good prognosis
were > 0.25 for rKt/V and > 1.75 for tKt/V. Patients with the rKt/V and tKt/V higher
than the cutoffs had respectively 65% and 29% lower risk of death than patients with

lower levels than the cutoffs.
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The mortality rate for our cohort was quite low (i.e., 6.7% and 19.4% for
1- and 2-year probabilities of death) when compared with the mortality rates in other
Asian countries, e.g., Indian (20% and 40% ) (23), and China (10% and 21%) (17).
This might be explained by our study included patients who were firstly initiated
CAPD while those studies included both prevalent and incident CAPD cases. In
addition, we used four 2-L. CAPD exchanges whereas those studied used three 2-L
CAPD exchanges. Although our study had higher prevalence of diabetes compared
with the Chinese study (17), our patients were younger (mean age 50 vs. 54 years) and
about three times lower CVD (4.4% vs. 14.2%) than the Chinese study. We included
only patients who had tKt/V data and survived at least 1 month after first-initiated
CAPD. Among patients who participated in the CAPD program, approximately 18%
and 26% required temporary hemodialysis in the first 1, and 3 months respectively of
their critically ill period before switching to CAPD modes. Overall, 4.3% and 7.7%
died during the first 1 and 3 months respectively. As such, our mortality rates were
lower than previous studies.

Unlike rKt/V, the roles of tKt/VV on mortality have not been consistently
demonstrated by previous studies (7, 8, 14, 18, 21, 24). Although there was a trend in
favor of higher tKt/V, those studies could not demonstrate statistical significance (7, 8,
14, 18, 21, 24), but our study had sufficient power to detect this association. However,
the prognostic effect of tKt/V needs to be confirmed by further studies since its effect
was borderline significant.

A target small solute clearance has long been a critical issue. Since
increasing the peritoneal dialysis prescription may increase the patients' discomfort,
decrease the quality of life, and harm by metabolic glucose load, the advantages from
increased dialysis dose and potential harms should be well-balanced. Unfortunately,
the optimum target clearance has not been well-formulated due to lack of previous
evidence and our study should be able to fill information for this issue. Both
continuous and categorical variables for small solute clearances were explored in the
ROC curve analyses and suggested the optimum cutoffs for tKt/V and rKt/V. These
cutoffs were similar to the current tKt/V target suggested by the Kidney Disease
Outcome Quality Initiative (KDOQI) guideline (21). Two randomized controlled trials
(14, 21) have assessed the effects of tKt/V targets advocated by the previous KDOQI
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guideline. The ADEMEX study (14) compared the modified prescriptions to achieve a
target tCrcl of > 60 L/week/1.73 m? with the four 2-L daily exchanges of standard PD
solution. They found no significant differences in patient survival, technique survival,
and quality of life between intervention and control groups. The Hong Kong study
(21) which had randomized patients to 3 different tKt/V targets also showed negative
results.

Some studies (8, 12, 24) considered two or more indices of small solute
clearance simultaneously in the regression models. Since tKt/V was the sum of pKt/\V
plus rKt/V, the two variables were highly correlated with the estimated correlation
coefficient of 0.388 (p < 0.001). Although including them simultaneously in the same
model did not cause multicolinearity, adding tKt/\VV in the model which already
contained rKt/V did not improve the explanation of mortality with the area under
curves of 0.753 vs. 0.755 (p = 0.82).

Increased serum albumin, hemoglobin, UF volume, and SBP > 140 mmHg
were also associated with a lower risk of mortality. Interestingly, we found an inverse
relationship between high SBP and risk of death. This finding is consistent with recent
findings in chronic kidney disease/dialysis patients which suggested that low blood
pressure could be related to coexisting co-morbidities such as heart failure, autonomic
neuropathy, decreased food intake, and worse nutritional status (20, 25-27). These
explanations may partly be attributable to these paradoxical findings, but the
mechanism underlying this reverse relationship has not been clearly understood.

Our study has some strengths. Our study is a large CAPD cohort with a
median follow up time of nearly 2 years. We properly calibrated the rKt/V and tKt/V
cutoffs using ROC curve analysis. We considered study factors (i.e., rKt/V, tKt/V, and
tCrcl) and other observed prognostic factors as time-varying co-variables in the
survival analyses, which should be better in explaining disease prognosis than using
only single measurements. However, our study also has some limitations. First, the
study was not a randomized controlled trial and thus selection and unobserved
confounding biases could not be avoided. Second, patients were only eligible if they
had data for tKt/V, which was about 10% of the entire cohort; so the
representativeness of the whole CAPD patients was limited. Third, we might face with

survival bias because of our inclusion criteria and differences of characteristics of
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eligible versus ineligible patients. Our results may be generalizable to patients who
firstly received CAPD with stable conditions, not patients with critical conditions. The
specific etiologies of death including their prognostic factors were not evaluated due to
lack of information. Among eligible patients, some variables were missing and thus
multiple imputations using regression analysis were applied to predict missing values.
Twenty imputations were applied taking into account the between-imputation
variability.

In conclusion, the cutoffs of 0.25 and 1.75 for rKt/V and tKt/VV might be
used to prevent mortality in CAPD patients. A minimum tKt/V of 1.75 should be
targeted; although increased dialysis dosage to achieve tKt/V > 2.19 adds no further
benefit, and potentially increases harm. Serum albumin, hemoglobin, SBP, and UF
volume are also associated with mortality. However, our study may face with selection
and other unobserved confounders. Further randomized control trial is required to

confirm these cutoffs.

4.5 Acknowledgement

We deeply thank the National Health Security Office (NHSO), Thailand,
for data collection and management. The manuscript of this chapter was published in
BMC Nephrol. 2013 Jan 31;14:28.

4.6 References
1.Schaubel DE, Morrison HI, Desmeules M, Parsons DA, Fenton SS. End-stage renal

disease in Canada: prevalence projections to 2005. CMAJ. 1999;160:1557-
63.

2.El Nahas M. The global challenge of chronic kidney disease. Kidney Int.
2005;68:2918-29.

3.Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, et al. Prevalence of
chronic kidney disease in the United States. JAMA. 2007;298:2038-47.

4.Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS. Prevalence of chronic kidney
disease and decreased kidney function in the adult US population: Third


http://www.ncbi.nlm.nih.gov/pubmed/23369065

Phisitt Vejakama CAPD /102

National Health and Nutrition Examination Survey. Am J Kidney Dis.
2003;41:1-12.

5.Chadban SJ, Briganti EM, Kerr PG, Dunstan DW, Welborn TA, Zimmet PZ, et al.
Prevalence of kidney damage in Australian adults: The AusDiab kidney
study. J Am Soc Nephrol. 2003;14:5131-8.

6.International comparisons of ESRD. http://www.usrds.org/2013/pdf/
v2_ch12_13.pdf (13 April 2015, date last accessed).

7.Davies SJ, Phillips L, Russell GI. Peritoneal solute transport predicts survival on

CAPD independently of residual renal function. Nephrol Dial Transplant.
1998;13:962-8.

8.Jager KJ, Merkus MP, Dekker FW, Boeschoten EW, Tijssen JG, Stevens P, et al.
Mortality and technique failure in patients starting chronic peritoneal
dialysis: results of The Netherlands Cooperative Study on the Adequacy of
Dialysis. NECOSAD Study Group. Kidney Int. 1999;55:1476-85.

9.Diaz-Buxo JA, Lowrie EG, Lew NL, Zhang SM, Zhu X, Lazarus JM. Associates of
mortality among peritoneal dialysis patients with special reference to
peritoneal transport rates and solute clearance. Am J Kidney Dis.
1999;33:523-34.

10.Szeto CC, Wong TY, Leung CB, Wang AY, Law MC, Lui SF, et al. Importance of
dialysis adequacy in mortality and morbidity of chinese CAPD patients.
Kidney Int. 2000;58:400-7.

11.Rocco M, Soucie JM, Pastan S, McClellan WM. Peritoneal dialysis adequacy and
risk of death. Kidney Int. 2000;58:446-57.

12.Bargman JM, Thorpe KE, Churchill DN. Relative contribution of residual renal
function and peritoneal clearance to adequacy of dialysis: a reanalysis of
the CANUSA study. J Am Soc Nephrol. 2001;12:2158-62.

13.Ates K, Nergizoglu G, Keven K, Sen A, Kutlay S, Erturk S, et al. Effect of fluid
and sodium removal on mortality in peritoneal dialysis patients. Kidney
Int. 2001;60:767-76.

14.Paniagua R, Amato D, Vonesh E, Correa-Rotter R, Ramos A, Moran J, et al.

Effects of increased peritoneal clearances on mortality rates in peritoneal


http://www.usrds.org/2013/pdf/

Fac. of Grad. Studies, Mahidol Univ. Ph.D.(Clinical epidemiology) / 103

dialysis: ADEMEX, a prospective, randomized, controlled trial. J Am Soc
Nephrol. 2002;13:1307-20.

15.Lo WK, Ho YW, Li CS, Wong KS, Chan TM, Yu AW, et al. Effect of Kt/V on
survival and clinical outcome in CAPD patients in a randomized
prospective study. Kidney Int. 2003;64:649-56.

16.Szeto CC, Wong TY, Chow KM, Leung CB, Law MC, Wang AY, et al. Impact of
dialysis adequacy on the mortality and morbidity of anuric Chinese
patients receiving continuous ambulatory peritoneal dialysis. J Am Soc
Nephrol. 2001;12:355-60.

17.Fang W, Qian J, Lin A, Rowaie F, Ni Z, Yao Q, et al. Comparison of peritoneal
dialysis practice patterns and outcomes between a Canadian and a Chinese
centre. Nephrol Dial Transplant. 2008;23:4021-8.

18.Utas C. Patient and technique survival on CAPD in Turkey. Perit Dial Int.
2001;21:602-6.

19.Clinical practice guidelines for peritoneal dialysis adequacy. Am J Kidney Dis.
2006;48 Suppl 1:598-129.

20.Kalantar-Zadeh K, Kilpatrick RD, Kopple JD. Reverse epidemiology of blood
pressure in dialysis patients. Kidney Int. 2005;67:2067; author reply -8.

21.Final Report on Carcinogens Background Document for Formaldehyde. Rep
Carcinog Backgr Doc. 2010:i-512.

22.Steyerberg EW, Vickers AJ, Cook NR, Gerds T, Gonen M, Obuchowski N, et al.
Assessing the performance of prediction models: a framework for
traditional and novel measures. Epidemiology. 2010;21:128-38.

23.Abraham G, Mathew M, Gopalakrishnan P, Sankarasubbaiyan S, Shroff S. Are
three exchanges suitable for Asian patients on peritoneal dialysis? Perit
Dial Int. 2003;23 Suppl 2:545-7.

24.Chang YK, Hsu CC, Hwang SJ, Chen PC, Huang CC, Li TC, et al. A comparative
assessment of survival between propensity score-matched patients with
peritoneal dialysis and hemodialysis in Taiwan. Medicine (Baltimore).
2012;91:144-51.

25.Kalantar-Zadeh K. What is so bad about reverse epidemiology anyway? Semin
Dial. 2007;20:593-601.



Phisitt Vejakama CAPD /104

26.Kovesdy CP, Anderson JE. Reverse epidemiology in patients with chronic kidney
disease who are not yet on dialysis. Semin Dial. 2007;20:566-9.

27.Al-Aly Z, Zeringue A, Fu J, Rauchman MI, McDonald JR, ElI-Achkar TM, et al.
Rate of kidney function decline associates with mortality. J Am Soc
Nephrol. 2010;21:1961-9.



Fac. of Grad. Studies, Mahidol Univ. Ph.D.(Clinical epidemiology) / 105

Table 4.1. Comparisons of baseline characteristics of eligible versus ineligible patients

Variables Eligible group Ineligible group P-value
n No (%)? n No (%)?

Age, year 1,177 50 (14) 10,346 53 (15) <0.001

Male 1,177 590 (50.1) 10,346 5,008 (48.4) 0.260

BMI®, kg/m? 1,037  22.4(4.0) 5,886 22.1 (4.0) 0.090

Serum creatinine, mg/dL 1,177 6.8 (1.1) 10,346 6.8 (1.1) 0.990

Co-morbidities

DMe® 749 249 (33.2) 6,806 2,076 (30.5) 0.120

HTd 749 294 (39.2) 6,806 2,447 (36.0) 0.080

CVD® 749 33 (4.4) 6,806 211 (3.1) 0.060
Anuria, N (%) 1,177 63 (5.4) 10,346 311 (2.9) <0.001
Serum albumin, g/dL 1,138 3.3(0.7) 8,309 3.2(0.7) <0.001
Hemoglobin, g/dL 1,164 9.0 (2.0) 8,572 8.8 (1.9) <0.001
Urine volume, ml 1,154 705 (529) 9,234 645 (475) <0.001
SBP', mmHg 1,177 141 (25) 10,346 141 (26) 0.990
DBP¢, mmHg 1,177 81 (14) 10,346 80 (15) 0.021

amean (SD) for continuous data, ® Body mass index, ¢ Diabetes, ¢ Hypertension, ¢ Cardiovascular
disease, * Systolic blood pressure, 9 Diastolic blood pressure

Conversion factors for units: serum creatinine in mg/dL to mol/L, x88.4; serum albumin in g/dL to g/L,
x10; hemoglobin in mg/dL to g/L, x10
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Table 4.2. Described death rates and HR according to prognostic factors: A univariate

analysis
Variables Rate/100 patient-months Unadjusted HR" P-value
(95% CI?) (95% CI)
tKt/V
<175 1.03 (0.83, 1.29) 1
1.75-2.19 0.72 (0.56, 0.94) 0.70 (0.49, 0.98) 0.040
>2.19 0.71 (0.54, 0.92) 0.70 (0.50, 0.99) 0.040
(AY
<0.25 1.65 (1.35, 2.01) 1
0.25-0.49 1.06 (0.80, 1.40) 0.64 (0.45, 0.91) 0.010
>0.49 0.59 (0.41, 0.85) 0.36 (0.23, 0.54) <0.001
tCrcl, ml/week/1.73 m?
<50 0.88 (0.66, 1.16) 1
50 - 64 0.66 (0.50, 0.87) 0.74 (0.50, 1.10) 0.140
> 64 0.78 (0.59, 1.03) 0.93 (0.63, 1.39) 0.730
Age, years
<45 0.52 (0.39, 0.70) 1
45-54 0.81 (0.61, 1.07) 1.64 (1.09, 2.47) 0.020
>54 1.12 (0.92, 1.37) 2.41(1.68, 3.44) <0.001
Gender
Female 0.83(0.68, 1.01) 1
Male 0.81 (0.66, 0.99) 0.96 (0.72, 1.28) 0.800
BMIC, kg/m?
<21.0 0.91 (0.71, 1.16) 1
21.0-23.9 0.77 (0.58, 1.01) 0.78 (0.54, 1.13) 0.190
>23.9 0.77 (0.59, 1.01) 0.71 (0.54, 1.11) 0.160
Serum albumin, g/dL
<3.0 1.72 (1.41, 2.10) 1
3.0-3.4 0.76 (0.57, 0.99) 0.41 (0.29, 0.57) <0.001
>3.4 0.37 (0.27, 0.50) 0.20 (0.13, 0.29) <0.001
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Table 4.2. Continued

Variables Rate/100 patient-months Unadjusted HR? P-value
(95% CI?) (95% Cl)
Hemoglobin, g/dL
<9.0 1.08 (0.86, 1.36) 1
9.0-10.9 0.84 (0.68, 1.05) 0.67 (0.48, 0.92) 0.010
>10.9 0.49 (0.35, 0.68) 0.38 (0.25, 0.57) <0.001
UF volume, ml
<500 0.89 (0.66, 1.18) 1
500 - 999 0.93 (0.75, 1.15) 0.93 (0.65, 1.33) 0.690
> 999 0.64 (0.50, 0.84) 0.59 (0.40, 0.87) 0.010
SBP¢, mmHg
<140 0.91 (0.75, 1.11) 1
> 140 0.74 (0.60, 0.90) 0.83 (0.62, 1.10) 0.190
DBPf, mmHg
<90 0.85(0.71, 1.01) 1
>90 0.76 (0.59, 98) 0.92 (0.67, 1.24) 0.570
Diabetes
Yes 1.19 (0.95, 1.49) 1.74 (1.27, 2.38) 0.001
No 0.67 (0.56, 0.81) 1
Hypertension
Yes 0.85 (0.69, 1.04) 1.06 (0.75, 1.49) 0.740
No 0.79 (0.65, 0.97) 1
CvD?
Yes 0.82 (0.49, 1.38) 0.92 (0.48, 1.78) 0.810
No 0.82 (0.71, 0.95) 1

aConfidence Interval, ® Hazards Ratio ¢ Body mass index, ¢ Ultra-filtration, ¢ Systolic blood pressure,
f Diastolic blood pressure, 9 Cardio-vascular disease

Conversion factors for units: serum albumin in g/dL to g/L, x10; hemoglobin in mg/dL to g/L, x10
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11,523 Patients
identified from
electronic database

p - 171 aged < 15 years
4
11,352 aged = 15
years
- 10,164 adequacy
v index not available

1,188 reported
adequacy index

- 11 had Kt/V out of
acceptable range

\ 4
1,177 adults
(23,144 observations)
included in the

analysis
tKt/V < 1.75 tkt/V 1.75-2.19 tKt/V > 2.19
- 384 patients - 384 patients - 409 patients

Figure 4.1. Flow of study design
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CHAPTER V
CONCLUSION

5.1 Summary

In this thesis, we have conducted series of studies which consisted of three
parts as follows: first, a systematic review and meta-analysis of RAS blockade,
second, epidemiological study of chronic kidney disease progression among large-
scale population, and third, prognostic factors of all-cause mortalities in continuous
ambulatory peritoneal dialysis.

For the systematic review, we have demonstrated a reno-protective effect,
in all clinical hard outcomes including, i.e., ESRD and doubling of serum creatinine,
of RAS blockers in type 2 diabetic subjects comparing with other anti-hypertensive
drugs and placebo, from both direct and indirect comparison using conventional and
network meta-analysis. The beneficial effects of RAS blockers were shown in the
absence of blood pressure difference between the RAS blockade arm and other anti-
hypertensive arm suggested their specific renal protection properties in type 2 diabetic
subjects.

For the epidemiological study of CKD progression, we have demonstrated,
separately in diabetic and non-diabetic subjects, the median times of changing GFR
category, starting forward from lower to higher one along with death rate according to
albuminuria category. In addition, we also assessed the prognostic factors of CKD
progression. Diabetic subjects progressed through GFR categories and reached KF
twice as rapidly as non-diabetic subjects. Hypertension, CVD, albuminuria, and lower
BMI increased risk of KF. Diabetes, hypertension, CVD, albuminuria, older age, male
gender, and lower BMI increased risks of death.

For CAPD study, we have demonstrated the effects of rKt/V and tKt/V but
not tCrcl on survival. We have also applied the ROC curve to calibrate the cutoffs of
rKt/V (0.25) and tKt/V (1.75) which could be used to predict prognosis in CAPD
patients. Older age and diabetes increased risks of death, but higher BMI, serum
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albumin level, hemoglobin concentration, ultrafiltration volume, and systolic blood

pressure decreased such risks.

5.2 Suggestion for further studies
While working on these three series of studies, there are research questions
that can be extended from these three studies which could not completely answer.

Thus, a number of suggestions for further studies are as follows:

5.2.1 Determination of RAS blockade effectiveness in a routine clinical

practice

The efficacy of RAS blockers in kidney protection has been well-
demonstrated by our meta-analysis in the Chapter 2. However, evidence on its
effectiveness in a real clinical practice has been scant. Since our previous
epidemiological study of CKD progression was conducted within a routine practice in
community-based setting, this should render further study an opportunity to determine
the effectiveness of RAS blockade. A counterfactual framework approach will be used
to assess treatment effectiveness (1, 2) in a routine clinical practice where treatment
has not yet been randomly allocated. Probability of receiving treatment will be
estimated using a logit model by regressing treatment variable (i.e., RAS vs non-RAS)
on covariables including age, gender, BMI, diabetes, hypertension, CVD, and HLD.
An augmented inverse-probability weighting will be then calculated and used to
estimate potential outcome mean and average treatment effect from the outcome
model, in which a Poisson regression will be used. Three outcomes will be considered
and analysed separately, i.e., KF, death before and after KF.

5.2.2 Prognostic factors of CKD: An illness-death model

Better understanding of the prognostic factors of CKD will improve risk
stratification and thus lead to better prevention/delay of progression to KF or death.
Most studies of CKD progression applied standard survival analysis, treating death as
a censoring event if KF was the outcome of interest, and censoring on KF if death was

the outcome of interest. The standard survival analysis may lead to biased estimates if
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the number of censored patients, which is a competing risk as such death, is high
compared to the number of patients with the outcome of interest. The method also
does not distinguish between probability of death between patients who do or do not
reach KF. The competing risk model, either cause-specific or sub-distribution hazard
model, handles this situation and yields less biased estimates than the standard Cox
model (3-5). However, like our previous epidemiological study of CKD progression in
Chapter 3, the competing risk model would only be able to estimate the probability of
KF, and of death before KF, but not for of death after KF.

In order to estimate probability of being in each state as describe in Figure
5.1, an illness-death model will be applied (6). This method is an extension of a
competing risk model, in which the probability of three transitions, i.e., transition 1:
CKD G1-G4->death, transition 2: CKD G1-G4->KEF, and transition 3: KF->death,
will be further studied. In addition, prognostic factors of being in each state will also

be estimated.

5.2.3 Effectiveness of CAPD versus hemodialysis

Studies comparing the outcomes of CAPD and hemodialysis have
seemingly reported conflicting results. This might be due to limitations of most studies
were observation studies, which were prone to bias, i.e., selection bias and
confounding bias. A large scale randomized controlled trial is needed to avoid these
biases. However, conducting this type of study is costly and time consuming,
particularly for recruitment and follow up for the final outcome such as death. Data
from a routine clinical practice should be made a benefit, in terms of assessing the
effectiveness of CAPD and hemodialysis, using similar method as RAS blockade. A
counterfactual framework approach should be applied for this purpose.
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APPENDICES
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APPENDIX A
META-ANALYSIS

Direct meta-analysis (fixed and random effects)
- metan varlist [if] [in] [weight] [, measure_and_model_options //
options_for_continuous_data]
(Where measure_and_model_options may be or rr rd fixed random fixedi
peto cornfield chi2 breslow nointeger cc(#) wgt(weightvar) second(model
or estimates and description) first(estimates and description))
(Where options_for_continuous_data may be cohen hedges glass

nostandard fixed random)

Network meta-analysis

o0 Step 1: Expansion of summary data to individual patient data
: Generate intervention & comparator groups
: Reshape wide to long data format (2 steps, i.e., event and treatment
groups)

o0 Step 2: Fitting treatment variable on dichotomous outcome using a Poisson
regression method and obtain the pooled RRs and 95% Cls using exponential
coefficients estimated from the Poisson regression

. Xi: Xtpoisson event i.treatment, irr i(studyid)

o Step 3: Obtain the point estimate (incidence rate ratio) and 95% Cls for each
treatment comparison using linear combinations of estimators

> lincom _Itreatment_2-_Itreatment_1, irr

: lincom _Itreatment_7-_Itreatment_1, irr



Phisitt Vejakama Appendices / 118

APPENDIX B
IMPUTATION

0 Step 1: Assess patterns of missing data (monotone or arbitrary) using "misstable
pattern” command
: misstable patterns
0 Step 2: Set the data for use with mi
: mi set mlong
o Step 3: Inform mi which variables contain missing values
. mi register imputed varlists
0 Step 4: Impute values using chained equations
: mi impute chained (uvmethod) ivars [=indepvars] [if] [weight] //
[,impute_options options]
0 Step 5: Fit the model and combine the results (include variables with significant
effects by univariate analysis)

: mi estimate [, options]: estimation_command
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APPENDIX C
CUMULATIVE INCIDENCE ESTIMATION

0 Step 1: Set data for multiple-records-per-subject survival data
- stset timevar [if] [weight] , id(idvar) failure(failvar[==numlist]) //
[multiple_options]
o Step 2: Apply competing risk regression
- sterreg [varlist] [if] [in], compete(crvar[==numlist]) [options]
0 Step 3: Obtain baseline hazards
: predict h0, basecshazard
0 Step 4: Obtain baseline cumulative incidence
. predict cif0, basecif
0 Step 5: Obtain 2-, 5-, or 10-year probability
:sort _t
: sum cif0 if inrange(_t,1.99, 2.01)
: sum cif0 if inrange(_t,4.99, 5.01)
: sum cif0 if inrange(_t,9.99, 10.01)
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APPENDIX D
CALIBRATION OF THE CUTOFF THRESHOLD
USING ROC CURVE

o Stepl. Explore data

: roctab death rktv, detail

At this step we observed that rktv levels were inversely associated with
likelihood ratio+ index, so we changed the rktv to inverse form and then execute the
roctab again.

: gen rktv_inv=rktv*-1

: roctab death rktv_inv, detail
0 Step2. Identification of Youden’s index

Visually, we could identify the rKt/\V which gave maximum sensitivity &
specificity (Youden’s index) from the displayed table.

The roctab also calculates the area under the ROC curves. The same steps
were also applied for categorized values (according to their tertile distributions) and
for tKt/V and tCrcl.
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