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Abstract

Objective
The present study investigates the impact of quality of care (QoC) and other factors on

chronic kidney disease (CKD) stage progression among Type 2 Diabetes Mellitus (T2DM)
patients.

Methods

This study employed a retrospective cohort from a nationwide Diabetes and Hypertension
study involving 595 Thai hospitals. T2DM patients who were observed at least 2 times in the
3 years follow-up (between 2011-2013) were included in our study. Ordinal logistic mixed
effect regression modeling was used to investigate the association between the QoC and
other factors with CKD stage progression.

Results

After adjusting for covariates, we found that the achievement of the HbA1c clinical targets
(<7%) was the only QoC indicator protective against the CKD stage progression (adjusted
OR =0.76; 95%Cl = 0.59-0.98; p<0.05). In terms of other covariates, age, occupation, type
of health insurance, region of residence, HDL-C, triglyceride, hypertension and insulin sen-
sitizer were also strongly associated with CKD stage progression.

Conclusions

This cohort study demonstrates the achievement of the HbA1c clinical target (<7%) is the
only QoC indicator protective against progression of CKD stage. Neither of the other clinical
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targets (BP and LDL-C) nor any process of care targets could be shown to be associated
with CKD stage progression. Therefore, close monitoring of blood sugar control is important
to slow CKD progression, but long-term prospective cohorts are needed to gain better
insights into the impact of QoC indicators on CKD progression.

Introduction

Chronic kidney disease (CKD) is a major problem in both developing and developed countries
and is associated with a substantial burden in terms of mortality, morbidity, and health care
costs [1-3]. Type 2 diabetes mellitus (T2DM) is the leading cause of CKD worldwide and the
prevalence of CKD in T2DM patients is 43.5% in the US [4], 38% in Belgium [5], 34.7% in Fin-
land [6] and 22.9% in the Mediterranean area [7]. Furthermore, CKD patients have 2 to 4
times the risk of cardiovascular disease [8], and 3 times the risk of mortality relative to T2DM
patients without CKD [9]. Also, quality of life has been shown to be negatively associated with
CKD [10].

The quality of care (QoC) protocol for T2DM is well established in improving health out-
comes, slowing progression and prolonging the onset of T2DM complication including CKD
[11]. Several studies have demonstrated that both process of care and clinical targets are
important indicators for assessing and monitoring QoC in diabetes [12]. The process of care
refers to the proportion of patients with T2DM who receive core examinations for diabetes in
any given 12 months period, based on Standard of Medical Care-2014 [13]. The clinical targets
of care refers to successful achievement of the ABC goal where A is glycated hemoglobin con-
trol (HbA1c)<7%, B is blood pressure control(BP)<130/80mmbhg, and C is low-density lipo-
protein cholesterol control (LDL-C)<100mg/d. The ABC clinical targets are widely used for
both diabetes [13] and CKD [14] management.

Few studies have investigated the impact the QoC on the prevalence or progression of CKD
in T2DM patients. Of those that have been done, most studies have been conducted in West-
ern populations. Furthermore, CKD progression is typically measured using a binary form of
progression versus non-progression [15] and to the best of our knowledge no previous study
has considered CKD stage progression (as defined by 2012KDIGO) [14]. The present study
investigates how the QoC impact on CKD stage progression using a nationwide retrospective
cohort in Thailand.

Materials and methods
Study design and populations

Data for this study were obtained from a nationwide, multicenter survey involving three con-
secutive yearly cross-sectional samples of both T2DM and Hypertension outpatients in Thai-
land. The full study is titled: “An assessment of quality of care among patients diagnosed with
type 2 diabetes and hypertension visiting hospitals in care of Ministry of Public Health and
Bangkok Metropolitan Administration in Thailand” This project is administered by the Medi-
cal Research Network of the Consortium of Thai Medical Schools (MedResNet), Thailand,
under the sponsorship of the Thai National Health Security Office. Patients and hospitals were
sampled using proportion-to-size stratified cluster sampling of T2DM and hypertension out-
patients from 595 participating hospitals across Thailand between April to June for the years
2011 to 2013. All patient information was retrospectively collected via medical records.
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Fig 1. Study flow.
https://doi.org/10.1371/journal.pone.0180977.9001

The Diabetes and Hypertension dataset (DMHT), study protocols and case report forms
are archived at the website http://www.damus.in.th/damus/. Patients were eligible for inclu-
sion if they had received care and treatment for T2DM or hypertension in a participating hos-
pital for at least 12 months. For the present study, only patients assessed at least 2 of the 3 years
between the period 2011-2013 were included. That is patients with repeated observations dur-
ing the study period. Patients who did not have complete information on the outcome or
study effects (QoC) were excluded. Fig 1 provides the study flow.

Measurements

The outcome of this study is progression of CKD stage based on prognostic stages as repre-
sented by 2012KDIGO [14] where eGFR stages are integrated with albuminuria stages and
subsequently divided into 4 stages: low risk; moderately increased risk; high risk and very high
risk. The progression of CKD is represented as a change of CKD stage over the course of our
study period.

The study effect in the present study is represented by the QoC which included two compo-
nents: clinical targets of care and processes of care. Clinical targets of care were defined as the
achievement of (A) HbA1c<7%, (B)BP<130/80 mmHg, and (C) LDL-C<100mg/dL(Com-
monly referred to as the ABC of diabetes). Processes of care were represented as the receipt of
core diabetes clinical examinations being completed every 12 months and include Foot exami-
nation (F exam), HbAlc examination (A exam), Cholesterol examination(C exam), and Eye
examination (E exam) (collectively referred to as FACE) [16].

Other covariates included as potential predictors and/or confounders in this study were
gender, age, occupation, religion, health insurances scheme, smoking history, body mass
index, duration of diabetes, hospital type (community, provincial and regional), region of resi-
dence, total cholesterol, HDL-cholesterol, triglyceride, ACEI or ARBs, anticoagulants, diabetes
medication, hypertension, neuropathy and retinopathy.

Statistical analysis

Continuous variables were described using means and standard deviations, and categorical
variables were summarized using counts and percentages. As the outcome of the present
study, CKD stage, is represented on an ordinal scale and measured on at least two occasions
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for each patient, ordinal logistic mixed effect regression was used to model the ordinal out-
come CKD stage (low risk, moderately increased risk, high risk, and very high risk). The study
effects, the ABC clinical targets, and the process of care targets were the focus in their respec-
tive models. The selection of other risk factors and/or confounders to be included in multivari-
able models was based on a p<0.25 in the bivariate models. Unadjusted or adjusted Odd ratios
with 95% confident interval (CI) and p-values were used to examine associations between the
QoC and other covariates with CKD stage progression. To assess the impact of missing values
(bias vs. loss of precision), the odd ratios between the complete case and available case data
analyses were compared. Available cases were patients that were bivariate complete for any
given bivariate analysis (they only needed non-missing values for the two variables being con-
sidered in that bivariate analysis, but could be missing for other variables), whereas complete
cases represented patients with non-missing values for all of the variables considered in the full
multivariable model. All analysis were conducted using the R statistical language (v3.2.4) [17]
and the ordinal mixed model was performed using the ordinal R library [18]. A significance
level of 0.05 was used throughout all analysis.

Ethical approval

This study was approved by the Ethics Committee for Human Research Khon Kaen Univer-
sity, Thailand (HE582363) and written informed consent was obtained from all patients prior
to inclusion in the study.

Results

Of the total number of patients in the Thai DMHT study, 3,313(9.01%) patients had 2 or more
observations (collectively, 6,731 observations) and were subsequently included in the present
study (Fig 1). To assess whether our sample (patients with at least two observations) is represen-
tative of the full T2DM dataset (all T2DM patients), we compared patients with repeated obser-
vation with the 67,977 patients only observed once (Table 1). For the most part, patients with a
single observations were similar to those with repeated observations. For example, there was less
than 1 percent fewer patients with repeated observations who achieved the blood pressure clini-
cal target (Table 2). However, there was some difference (3.26%) in the achievement of HbAlc
control between patients with a single observation, and those with repeated observations.

Baseline characteristics and quality of care

Baseline characteristics of patients with CKD are listed in Table 1. A majority of patients were
female (70.96%), and the mean age and duration of DM in patients were 59.69 years (sd. =
10.35) and 6.81 years (sd. = 4.63), respectively. Most patients had universal health coverage
(77.21%), and a majority received their assessment in a community hospital setting (65.11%).
Over 70% of patients were overweight or obese (>23.0), and patients who had never smoked
represented 90.40% of the sample. More than 75% of patients were receiving oral hyperglyce-
mic agents (OHAs), and approximately one-half of patients were being treated with anti-
hypertensive agents (Table 2). Indeed, a hypertension morbidity was very high (68.73%). In
terms of DM complications, 1.11% and 3.11% had neuropathy and retinopathy, respectively
(Table 1).

With regards to the percentage of CKD patients achieving the DM QoC targets, 53.65%
achieved the blood pressure clinical target, followed by 43.11% achieved the LDL-C clinical
target, and 33.93% achieved the HbAlc clinical target. For the process of care, 82.22% had
Cholesterol examinations, followed by 74.46% receiving HbA1c examinations, 65.65% having
Foot examinations, and 53.79% receiving Eye examinations (Table 2).
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Table 1. Baseline of characteristics of patients with the two or more and with only a single observation.

Variables

Female gender, n (%)
Age, years, mean(sd.)
<40, n (%)
4010 59, n (%)
60 to 79, n (%)
>80, n (%)

Duration of diabetes, years, mean(sd.)
Occupation, n (%)

Government

Homemaker

Other

Agriculture

Labor
Religion, Buddhism, n (%)
Health insurances scheme, n (%)

Universal coverage

Government

Social security

Other
Hospital type, n (%)

Regional hospital

Provincial hospital

Community hospital
Region of residence, n (%)

Central

North

South

North-Eastern
BMI (kg/m2), n (%)

<18.50

18.5t022.9

23.0t027.4

>27.5
Smoking history, n (%)

no

previous

yes
Total cholesterol(mg/dL), mean(sd.)
HDL-C(mg/dL), mean(sd.)
LDL-C(mg/dL), mean(sd.)
Triglyceride(mg.dL), mean(sd.)
HbA1c¢(%), mean(sd.)
SBP(mmHg), mean(sd.)
DBP(mmHg), mean(sd.)
Hypertension, n (%)

Single observation
(67,977 patients)

47,148(69.36)

60.20(10.68)
1,694(2.49)

30,691(45.16)

33,341(49.06)
2,239(3.29)

Min = 20,Max = 98

6.78(4.66)

3,866(5.96)
15,154(23.37)

5,315(8.20)
28,630(44.15)
11878(18.32)
69,972(96.27)

52,951(78.23)
11,726(17.32)
2,596(3.83)
412(0.60)

8,689(13.63)
14,601(22.90)
40,470(63.47)

22,326(32.84)
13,966(20.54)
8,090(11.90)
23,595(34.71)

2,222(3.49)

16,347(25.68)
26,891(42.24)
18,202(28.59)

52,202(89.05)
2,662(4.54)
3,754(6.40)
187.73(45.13)
45.89(13.16)
109.33(37.25)
173.03(96.41)
8.03(2.13)
128.72(16.37)
74.23(10.53)
47,864(70.41)

>Two observations
(3,313 patients)

2,351(70.96)

59.69(10.35)
95(2.87)

1,526(46.06)

1,606(48.48)
86(2.60)

Min =26, Max = 92
6.81(4.63)

188(5.96)
699(22.16)
273(8.66)
1,458(46.22)
536(16.99)
2,955(96.22)

2,545(77.21)
583(17.69)
152(4.61)
16(0.49)

472(15.39)
598(19.49)
1,997(65.11)

1,080(32.60)
673(20.31)
401(12.10)

1,159(34.98)

97(3.14)
755(24.44)
1,335(43.21)
902(29.20)

2,488(90.40)
94(3.41)
170(6.18)
187.83(45.14)
45.09(11.89)
108.96(36.78)
175.00(93.94)
8.14(2.04)
129.43(17.03)
74.51(10.84)
2,277(68.73)

%/mean
difference
1.60
0.51

-0.03

0.00
-1.21
0.46
2.07
-1.33
-0.05

-1.02
0.37
0.78
-0.11

1.76
-3.41
1.64

-0.24
-0.23
0.20
0.27

-0.35
-1.24
0.97
0.61

1.35
1.13
-0.22
0.1
-0.8
-0.37
1.97
0.11
0.71
0.28
-1.68

(Continued)
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Table 1. (Continued)

Variables Single observation >Two observations %/mean
(67,977 patients) (3,313 patients) difference
Neuropathy (>12months), n (%) 653(0.96) 37(1.11) 0.15
Retinopathy (>12months), n (%) 1,460(2.14) 103(3.11) 0.97

BP: blood pressure; BMI: body mass index; HbA1c: glycosylated hemoglobin; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein
cholesterol; sd.: standard deviations; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure

https://doi.org/10.1371/journal.pone.0180977.t001

The CKD stage progression is illustrated in Fig 2. Review of this figure suggests that a large
majority of patients remained stable over the course of the study (shaded bars). It is interesting
to note that for the intermediate categories, moderately increased risk, the proportion of
patients with CKD progression was approximately the same as the proportion whose condition
improved stage. Also, a very large proportion of patients starting in the low risk group pro-
gressed to a higher CKD stage during our study period.

Clinical targets and progression of CKD

The unadjusted and adjusted odd ratios representing the association between the clinical tar-
gets of care and progression of CKD are shown in Table 3. The bivariate analysis suggests all

Table 2. Medication and quality of care of patients with the two or more and with only a single observation.

Variables Single observation >Two observations %/mean
(67,977 patients) (3,313 patients) difference
ACEIl or ARBs, n (%)

No 29,653(44.77) 1,565(48.53) 3.76
Previous 1,305(1.97) 2(0.06) -1.91
Yes 35,272(53.26) 1,658(51.41) -1.85
Diabetes medication, n (%)
No medication 1861(2.79) 70(2.15) -0.64
OHAs 50,728(76.03) 2,478(76.18) 0.15
Insulin sensitizer 6,073(9.10) 251(7.71) -1.39
Both of oral & insulin 8,055(12.07) 454(13.96) 1.89
Anticoagulation, n (%) 39,966(60.08) 1,987(61.71) 1.63
Proportion of achieved ABC, mean(sd.) 0.46(0.33) 0.45(0.33) -0.1
Quality of Care
Clinical targets of care, n (%)
HbA1c target, Yes 19,135(37.19) 837(33.93) -3.26
Blood pressure target, Yes 36,399(54.64) 1,740(53.65) -0.99
LDL-C target, Yes 24,647(43.37) 1,174(43.11) -0.26
All ABC target, Yes 4594(6.87) 206(6.33) -0.54
Process of care, n (%)
Foot exam, Yes 43,710(64.30) 2,175(65.65) 1.35
HbA1c exam, Yes 51,484(75.73) 2,467(74.46) -1.27
Cholesterol exam, Yes 56,906(83.71) 2,724(82.22) -1.49
Eye exam, Yes 35,420(52.11) 1,782(53.79) 1.68

ACEI: angiotensin-converting-enzyme inhibitor; ARB: angiotensin receptor blockers; HbA1c: glycosylated hemoglobin; LDL-C: low-density lipoprotein
cholesterol; OHAs: oral hyperglycemic agent; sd.: standard deviations

https://doi.org/10.1371/journal.pone.0180977.t1002
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Fig 2. CKD stage progression from the first observation to the last observation. (1,630 patients).
Shaded bars represent stable patients whereas those below the shaded bars represent improved CKD stage,
and those above the bars represent patients whose CKD stage progressed.

https://doi.org/10.1371/journal.pone.0180977.9002

three clinical targets are associated with the progression of CKD stage and all appear to be pro-
tective against CKD progression. The odds of progression for someone who achieved HbAlc
is 33% (OR = 0.66; p<0.01) less than someone who did not achieve this target. For the BP
target, those that achieved this target had odds of progression 25% (OR = 0.75; p<0.05) less
than those who did not achieve the BP target. Finally, those achieving LDL-C target, had 31%
(OR = 0.69; p<0.05) lower odds of CKD progression relative to those not achieving cholesterol
control. However, after adjusting for others covariate, only the HbA1c clinical target remained
significantly protective against CKD stage progression (adjusted OR = 0.76; 95%CI = 0.59-
0.98; p<0.05).

Table 3 also shows the association of other predictors with CKD progression. Older age
(per 10 years) was a strong predictor of progression of CKD stage (adjusted OR = 2.70; 95%
CI =2.27-3.22; p<0.001). Patients living in the North-Eastern region had a higher risk CKD
stage progression relative to patients residing in the Central region (adjusted OR = 1.71; 95%
CI =1.15-2.53; p<0.01). In terms of occupation, homemakers (adjusted OR = 3.03; 95%CI =
1.63-5.63; P<0.001) and agriculture workers (adjusted OR = 2.87; 95%CI = 1.59-5.19; p<0.001)
had a significantly higher risk of CKD stage progression relative to government workers. There
were many other risk factors associated with CKD stage progression (Table 3). In terms of
comorbidities, we found patients with hypertension had a higher risk of CKD stage progression
(adjusted OR = 1.67; 95%CI: 1.22-2.28; p<0.01). With regards to treatment, insulin sensitizer
(adjusted OR = 22.63; 95%CI = 8.12-63.08; p<0.001) and previous ACE inhibitor or angiotensin
receptor blockers (adjusted OR = 2.38; 95%CI = 1.13-5.00; p<0.05) were both strongly associ-
ated with CKD stage progression.

Process of care and progression of CKD

The unadjusted and adjusted odd ratios showing the association between the process of care
and progression of CKD are given in Table 4. Regardless of whether they were adjusted (or
not) for other patients characteristics, most process of care indicators were not associated with
CKD stage progression. However, both crude estimates (available case and complete case)
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Table 3. Association between clinical targets of care and progression of CKD.

Factors

Available case

Complete case

(6,7310bs.) (2,588 obs. from 1,763 patients)
Npatients Unadjusted Unadjusted Adjusted 95%Cl
OR OR OR

HbA1c target, Yes 2,467 0.72%* 0.66** 0.76* 0.59-0.98

Blood pressure target, Yes 3,243 0.81* 0.75* 0.94 0.75-1.19

LDL-C target, Yes 2,723 0.80* 0.69%* 0.88 0.65-1.19
Covariates
Gender, Female 3,313 1.09 1.30 - -

Age (in10years) 3,313 3.19*** 3.44*** 2.70*** 2.27-3.22
Duration of Diabetes (in5years) 3,138 2.65%** 2.87%** - -
Occupation, Government(ref.) 3,154 X2 =79.84%** X2 =71.27%** x2=16.11**

Homemaker 5.09*** 10.31*** 3.03*** 1.63-5.63

Other 1.89 2.47* 1.99 0.97-4.10

Agriculture 3.75*** 4.91*** 2.87*** 1.59-5.19

Labor 1.30 1.88 2.15*% 1.14-4.06
Religion, other 3,071 1.14 0.97 - -
Health insurances, UC (ref.) 3,296 X2 =20.73%** x2=13.41%*

Government 0.84 0.80 - -

Social security 0.25 *** 0.22*%** - -

Other 2.59 1.10 - -
Hospital type, Region(ref.) 3,067 x2 =25.13%** x2=11.30%*

Provincial hospital 2.54 *** 2.19%* - -

Community hospital 2.49 *** 2.33%* - -
Region, Central(ref.) 3,313 x2 =43.74%** x2=19.37*** x2 =8.00*%

North 2.11%** 2.10** 1.30 0.87-1.94

South 1.57 * 1.34 1.22 0.78-1.90

North-Eastern 2.94 *x* 2.68 *** 1.71%* 1.15-2.53
BMI(kg/m2), 18.5t022.9(ref.) ((3089 3,089 x2=10.23* x2=7.04

<18.50 1.10 1.61 - -

23.0t027.4 0.65%* 0.69* - -

>27.5 0.70* 0.65 — —
Smoking History, No(ref.) 2,752 x2=1.08 x2=0.97

Previous 0.89 0.72 - -

Yes 1.22 1.12 -
Total cholesterol(mg/dL) 2,716 1.004 *** 1.005** 1.003 0.999-1.006
HDL-C(mg/dL) 2,532 0.98 *** 0.97 *** 0.98 *** 0.97-0.99
Triglyceride(mg/dL) 2,798 1.002%** 1.003 *** 1.002** 1.000-1.003
Hypertension, Yes 3,313 2.31*** 2.67%** 1.67%* 1.22-2.28
Neuropathy(>12months), Yes 3,313 5.13 *** 6.02*** 3.29* 1.31-8.25
Retinopathy(>12months), Yes 3,313 2.43%* 1.32 - -
ACEI or ARBs No(ref.) 3,225 %2 =16.56%** 2 =15.62%** x2 =6.32*

Previous 3.27 *** 5.33*%** 2.38* 1.13-5.00

Yes 1.00 1.20 0.94 0.72-1.24
Diabetes medication, No(ref.) 3,253 ¥2 =289.51%** x2=189.13*** x2=162.48*%**

OHAs 0.30 ** 0.90 1.17 0.46-2.94

Insulin sensitizer 7.70 *** 29.60%** 22.63*%** 8.12-63.08

Both of oral & insulin 0.58 1.62 2.00 0.75-5.32

(Continued)
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Table 3. (Continued)

Factors Available case Complete case
(6,7310bs.) (2,588 obs. from 1,763 patients)
Npatients Unadjusted Unadjusted Adjusted 95%Cl
OR OR OR
Anticoagulation, yes 3,220 1.54%** 1.67%* - -

ACEI: angiotensin-converting-enzyme inhibitor; ARB: angiotensin receptor blockers; BMI: body mass index

Cl: confidence interval; DM: diabetes mellitus; HbA1c: glycosylated hemoglobin; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein
cholesterol; OHAs: oral hyperglycemic agents; OR: odds ratio

ref.: reference; obs: observations; UC: universal coverage

**% p<0.001

** p<0.01

* p<0.05.

https://doi.org/10.1371/journal.pone.0180977.1003

suggest eye examination was associated with CKD stage progression (available case OR = 1.22;
p<0.05, complete case OR = 1.32; p<0.05). However, when we adjusted for other covariates,
we could not demonstrate eye examination, nor any other process of care indicator, was asso-
ciated with CKD stage progression.

In terms of the other predictors, the level and significance of associations were similar to
those obtained in the clinical targets model (Table 3). However, there was some notable differ-
ence in the magnitude and significance of some of the risk factors between the process of care
and clinical targets model. Specifically, occupation was significant for the clinical targets
model, but not for the process of care model, whereas this situation was reversed for the type
of the health insurance which was significant in process of care model, but not clinical targets
model (Tables 3 and 4).

Discussion

CKD represents a major problem as it is associated with a substantial burden in term of mor-
tality [1], morbidity [2] and health care costs [3]. The prevalence of CKD among T2DM
patients is increasing rapidly worldwide [4], especially in UMIC (upper middle-income coun-
tries) like Thailand [19] and improving the diabetes quality of care in T2DM patients is a
strategy to attenuate the CKD problem [11,20]. Our review of the CKD literature found no
previous study that has considered CKD stage progression in the Asian population. Further-
more, studies that have considered progression in the other populations do not consider pro-
gression through CKD stages as defined by 2012KDIGO. Instead, these studies have focused
on a dichotomized measure of progression (progress/ no progress). To the best of our knowl-
edge, our study represents the first study, in any population, to model progression through the
2012KDIGO stages.

The impact of the QoC on progression of CKD

Our result demonstrates that even after adjusting for other covariates, achieving the HbAlc
clinical target (<7%) is protective against the progression of CKD stage progression. Those
that achieved the HbAlc clinical target had a substantially low risk of progressing to the next
CKD stage. This result is in line with a meta-analysis review [21] and several cohort studies
[22-27] that confirmed higher HbA1c was the risk factor of a decline in eGFR, development of
CKD, ESRD and all-cause mortality in patients with T2DM. However, our result contrasts
with those of a retrospective cohort study in a single center Vietnamese study involving 450
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Table 4. Association between process of care and progression of CKD.

Factors Available case Complete case
(6,7310bs.) (2,938 obs. from 1,936 patients)
Npatients Unadjusted Unadjusted Adjusted 95%CI
OR OR OR

Process of Care

Foot Exam, Yes 3,313 1.22 1.19 0.98 0.76-1.27

HbA1c Exam, Yes 3,313 1.03 0.75 0.85 0.60-1.19

Cholesterol Exam, Yes 3,313 0.85 2.23 2.05 0.73-5.76

Eye Exam, Yes 3,313 1.22* 1.32* 1.22 0.98-1.53
Covariates
Gender, Female 3,313 1.09 1.27 1.39* 1.05-1.84
Age (in10years) 3,313 3.19*** 3.379%** 2.939*** 2.49-3.44
Duration of Diabetes(in5Syears) 3,138 2.659%** 2.869%** - -
Occupation, Government(ref.) 3,154 X2 =79.84%** x2=70.81%* =

Housekeeper 5.09*** 7.85%** - -

Other 1.89 2.12* = —

Agriculture 3.75%** 4.08*** - -

Labor 1.30 1.60 — —
Religion, Other 3,071 1.14 1.16 1.60 0.73-3.13
Health insurances, UC(ref.) 3,296 x2 =20.73*** x2=12.75%* x2=10.57*%

Government 0.84 0.76 0.60 ** 0.43-0.84

Social security 0.25 *** 0.25 *** 1.22 0.62—2.37

Other 2.58 1.04 0.43 0.06-3.31
Hospital type, Region(ref.) 3,067 X2 =25.13%** x2 =8.92* x2 =2.90

Provincial hospital 2.54 *** 1.97* 1.47 0.92-2.33

Community hospital 2.49 *** 2.16%* 1.41 0.91-2.17
Region, Central(ref.) 3,313 %2 =43.74%** x2=21.78%** x2=17.06***

North 2.11%*% 2.05%* 1.41 0.97-2.06

South 1.57 * 1.45 1.30 0.85-2.00

North-Eastern 2.94 *** 2.65%** 2.01%** 1.42—2.86
BMI(kg/m2), 18.5t022.9(ref.) 3,089 x2=10.23* x2=10.01* X2 = 6.48

<18.50 1.10 1.17 1.24 0.64-2.40

23.0t027.4 0.65%* 0.61%** 0.74* 0.56-0.98

>27.5 0.70* 0.66*** 0.94 0.68-1.30
Smoking History, No(ref.) 2,752 x2=1.08 x2 =-0.028 -

Previous 0.89 0.90 = =

Yes 1.22 1.00 — —
Total cholesterol(mg/dL) 2,716 1.004 *** 1.004** 1.003 1.000-1.006
HDL-C(mg/dL) 2,532 0.98 *** 0.97*** 0.98*** 0.97-0.99
Triglyceride(mg/dL) 2,798 1.002%** 1.003*** 1.002*** 1.001-1.004
Hypertension, Yes 3,313 2.31%*% 2.49%** 1.61%* 1.20-2.16
Neuropathy(>12months), Yes 3,313 5.13 *** 5.24%** 3.45%* 1.48-8.03
Retinopathy(>12months), Yes 3,313 2.43%* 1.40 - -
ACEI or ARBs, No(ref.) 3,225 x2 =16.56%** x2=16.67*** x2=7.12*

Previous 3.27 *** 4.48%** 2.14* 1.10-4.15

Yes 1.00 1.09 0.90 0.70-1.16
Diabetes medication, No(ref.) 3,253 ¥2 =289.51*%** x2=188.28*** x2=174.61%**

OHAs 0.30 ** 0.87*** 1.24 0.54-2.85

(Continued)
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Table 4. (Continued)

Factors

Insulin sensitizer

Both of oral & insulin
Anticoagulation, yes
Proportion of achieved ABC

Available case Complete case
(6,7310bs.) (2,938 obs. from 1,936 patients)
Npatients Unadjusted Unadjusted Adjusted 95%Cl
OR OR OR
7.70 *** 25.40%** 21.33%** 8.52-53.42
0.58 1.47* 2.10 0.87-5.05
3,220 1.54*** 1.55%** - -
3,255 0.51*** 0.40*** 0.65* 0.44-0.97

ACEI: angiotensin-converting-enzyme inhibitor; ARB: angiotensin receptor blockers; BMI: body mass index
Cl: confidence interval; HbA1c: glycosylated hemoglobin; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; OHAs:

oral hyperglycemic agents; OR: odds ratio

ref.: reference; obs: observations; UC: universal coverage

*%% n<0.001
** n<0.01
* p<0.05.

https://doi.org/10.1371/journal.pone.0180977.t1004

T2DM patients who did not have renal insufficiency at baseline. In this Vietnamese study,
HbAc control could not be shown to be associated with the development of CKD [20]. How-
ever, this could be due to the relatively small sample size of this study, or to the fact that it was
a single center study and potentially not representatively of the Vietnamese T2DM population.

Neither of the other clinical targets we considered, BP and LDL-C, could be shown to be
associated with progression of CKD stage. This is in line with the results of some previous
work. For example, a Norwegian cohort study in the general population (without diabetes,
CKD or cardiovascular disease) found that elevated BP was not associated with eGFR decline
[28]. However, other studies have shown SBP target (<130mmHg) to be significantly associ-
ated with slowing the rate of decline eGFR in T2DM patients [20,23]. Moreover, our findings
contrast with previous studies which indicate that SBP (>130mmHg) is a risk factor for the
incidence of albuminuria and renal function in T2DM patients [29,30]. Interestingly, although
achievement of BP target could not be shown to be associated with CKD stage progression, we
demonstrate a hypertension co-morbidity remains a strong independent risk factor for CKD
stage progression. In terms of the LDL-C clinical target, our results are similar to a national
cross-sectional study in Italy which found that achievement of the LDL-C target (<100mg/dL)
could not be shown to be associated with CKD in patients with T2DM [23].

Our study suggests that process of care indicators such as Foot examinations, HbAlc exam-
inations, Cholesterol examinations, and Eye examinations are not strongly associated with
progression of CKD stage. This is in contrast to a study in US diabetes patients which indicated
that patients who received the three processes of care, testing HbA1lc, lipids, and microalbumi-
nuria were less likely to experience the onset of renal disease, relative to than those who did
not receive all three checks [15].

Other factors associated with CKD progression

Our study demonstrates that some socio-demographic factors were strongly associated with
CKD stage progression. For example age, occupation, type of health insurance and region of
residence were all strongly associated with CKD stage progression. This result is similar to
previous studies which show that advancing age was significantly associated with CKD in
T2DM patients [31,32]. Our study found that homemakers and agriculture workers had a
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substantially higher risk of CKD stage progression relative to government workers. Moreover,
our result shows that patients with government health insurance were substantially less likely
to experience progression of CKD stage (adjusted OR = 0.60; 95%CI = 0.43-0.84; p<0.01).
This result in line with a previous study which indicated that lower socio-economic status was
arisk factor for CKD progression [33]. In terms of province of residence, our results are simi-
lar to previous studies in Thai adult which reported that CKD was most prevalent in the
North-Eastern of Thailand compared with the Central region [19,34]. This result could be due
to North-Eastern Thais having a diet richer in glutinous rice relative to other regions, likely to
result in poorer HbAIc control [35]. It is important to note, not only is CKD more prevalent
in North-Eastern Thailand but so is T2DM [36].

We also found several clinical and co-morbidity factors to be associated with CKD stage
progression. In particular, HDL-C, triglyceride, hypertension were all associated with progres-
sion. Other studies have demonstrated that HDL-C and triglyceride were associated with an
incidence of CKD [37,38], but our study is the first show HDL-C and triglyceride associated
with CKD stage progression. In terms of hypertension comorbidity, our findings are in line
with those of studies in Western [31] and other Asian populations [39] which identified hyper-
tension is significantly associated with CKD in T2DM patients.

We also found that T2DM treatment with insulin sensitizer was strongly associated with
CKD stage progression with patients on this treatment having over 20 times the odds of pro-
gression of CKD stage, something that has been demonstrating elsewhere [5]. Indeed, the pro-
tocol of diabetes patient care in Thailand recommends the prescription of insulin sensitizer in
patients with poor blood sugar control and a high albuminuria [40]. However, it is important
to note that insulin itself is unlikely to be a risk factor for progression, but rather insulin treat-
ment is highly associated with advanced T2DM.

There were some limitations in our study. First, this study followed-up patients for three
years, an observation period unlikely to capture patents full CKD experience. Second, this
study was not designed as a prospective cohort study. It is based on a dataset that randomly
sampled a sizable proportion of Thailand T2DM population three years in a row. Our cohort
members were those who were captured at least twice by chance. Third, our data were
obtained by chart reviews and some importance lifestyle variables that may contribute to CKD
stage progression were not recorded in this dataset. For example, physical activity, alcohol con-
sumption, sodium intake and other dietary measures were not measured in our study. This ret-
rospective data collection also led to some data quality issues including many missing values.

Our study also had some strengths. First, progression of CKD stage was based on both
Albuminuria and eGFR. Albuminuria, in particular, has been identified as having higher sensi-
tivity to progression than a change in eGFR alone [14]. Second, our study used data from a
large and representative multicenter dataset of Thai T2DM patients covering all provinces and
health care settings across Thailand. Indeed, 595 hospitals were sampled in our study. Finally,
studies of CKD progression in the past have represented CKD progression using a simplistic
dichotomized indicator of progress/ no progress. Our study is the first in the world to consider
CKD stage (as defined by 2012KDIGO) as an ordinal outcome and we modeled this variable
appropriately.

Conclusions

This cohort study demonstrates the achievement of the HbAlc clinical target (<7%) was the
only clinical target protective against progression of CKD stage. Neither of the other clinical

targets, BP and LDL-C, could be shown to be associated with progression of CKD stage. Fur-
thermore, we could not demonstrate that processes of care indicators to be associated with
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progression of CKD stage. Our study demonstrates the HbAlc target achievement is a strong
indicator of CKD stage progression, and CKD patients should be closely monitoring for blood
sugar control. Furthermore, staging of CKD should include Albuminuria along with eGFR.
Further study of long-term, prospectively-collected cohorts to gain better into the impact of
QoC indicators on CKD progression.

Acknowledgments

This study was supported by The Medical Research Network of the Consortium of Thai Medi-
cal Schools (MedResNet) Thailand who provided permission to use the Diabetes and Hyper-
tension dataset in this study. We also gratefully acknowledge the support of the Research
Group for Prevention and Control of Diabetes Mellitus in the Northeast of Thailand.

Author Contributions

Conceptualization: Paithoon Sonthon, Supannee Promthet, Siribha Changsirikulchai, Ram
Rangsin, Bandit Thinkhamrop, Suthee Rattanamongkolgul, Cameron P. Hurst.

Data curation: Paithoon Sonthon, Ram Rangsin, Bandit Thinkhamrop, Suthee Rattanamong-
kolgul, Cameron P. Hurst.

Formal analysis: Paithoon Sonthon, Cameron P. Hurst.

Investigation: Paithoon Sonthon, Ram Rangsin, Bandit Thinkhamrop, Suthee Rattanamong-
kolgul, Cameron P. Hurst.

Methodology: Paithoon Sonthon, Cameron P. Hurst.

Project administration: Paithoon Sonthon, Supannee Promthet, Siribha Changsirikulchai,
Cameron P. Hurst.

Supervision: Supannee Promthet, Siribha Changsirikulchai, Cameron P. Hurst.
Visualization: Paithoon Sonthon, Cameron P. Hurst.
Writing - original draft: Paithoon Sonthon, Cameron P. Hurst.

Writing - review & editing: Paithoon Sonthon, Supannee Promthet, Siribha Changsirikul-
chai, Ram Rangsin, Bandit Thinkhamrop, Suthee Rattanamongkolgul, Cameron P. Hurst.

References

1. Afkarian M, Sachs MC, Kestenbaum B, Hirsch IB, Tuttle KR, Himmelfarb J, et al. Kidney Disease and
Increased Mortality Risk in Type 2 Diabetes. J Am Soc Nephrol. 2013 Feb 1; 24(2):302-8. https://doi.
org/10.1681/ASN.2012070718 PMID: 23362314

2. Toyama T, Furuichi K, Ninomiya T, Shimizu M, Hara A, lwata Y, et al. The Impacts of Albuminuria and
Low eGFR on the Risk of Cardiovascular Death, All-Cause Mortality, and Renal Events in Diabetic
Patients: Meta-Analysis. PLoS ONE. 2013 Aug 30; 8(8):e71810. https://doi.org/10.1371/journal.pone.
0071810 PMID: 24147148

3. Vupputuri S, Kimes TM, Calloway MO, Christian JB, Bruhn D, Martin AA, et al. The economic burden of
progressive chronic kidney disease among patients with type 2 diabetes. J Diabetes Complications.
2014 Jan; 28(1):10-6. https://doi.org/10.1016/j.jdiacomp.2013.09.014 PMID: 24211091

4. Bailey RA, WangY, Zhu V, Rupnow MF. Chronic kidney disease in US adults with type 2 diabetes: an
updated national estimate of prevalence based on Kidney Disease: Improving Global Outcomes
(KDIGO) staging. BMC Res Notes. 2014 Jul 2; 7(1):415.

5. Goderis G, Pottelbergh GV, Truyers C, Casteren VV, Clercq ED, Broeke CVD, et al. Long-term evolu-
tion of renal function in patients with type 2 diabetes mellitus: a registry-based retrospective cohort
study. BMJ Open. 2013 Dec 1; 3(12):e004029. https://doi.org/10.1136/bmjopen-2013-004029 PMID:
24381258

PLOS ONE | https://doi.org/10.1371/journal.pone.0180977  July 28, 2017 13/15


https://doi.org/10.1681/ASN.2012070718
https://doi.org/10.1681/ASN.2012070718
http://www.ncbi.nlm.nih.gov/pubmed/23362314
https://doi.org/10.1371/journal.pone.0071810
https://doi.org/10.1371/journal.pone.0071810
http://www.ncbi.nlm.nih.gov/pubmed/24147148
https://doi.org/10.1016/j.jdiacomp.2013.09.014
http://www.ncbi.nlm.nih.gov/pubmed/24211091
https://doi.org/10.1136/bmjopen-2013-004029
http://www.ncbi.nlm.nih.gov/pubmed/24381258
https://doi.org/10.1371/journal.pone.0180977

@° PLOS | ONE

Quality of care on progression of chronic kidney disease in Type 2 Diabetes Mellitus

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Metsérinne K, Brdijersen A, Kantola |, Niskanen L, Rissanen A, Appelroth T, et al. High prevalence of
chronic kidney disease in Finnish patients with type 2 diabetes treated in primary care. Prim Care Diabe-
tes [Internet]. [cited 2014 Jul 26]; Available from: http://www.sciencedirect.com/science/article/pii/
S$1751991814000722

Coll-de-Tuero G, Mata-Cases M, Rodriguez-Poncelas A, Pepié JMA, Roura P, Benito B, et al. Chronic
kidney disease in the type 2 diabetic patients: prevalence and associated variables in a random sample
of 2642 patients of a Mediterranean area. BMC Nephrol. 2012; 13:87. https://doi.org/10.1186/1471-
2369-13-87 PMID: 22905926

Rodriguez-Poncelas A, Tuero GC-D, Turro-Garriga O, Puente JB la, Franch-Nada J, Mundet-Tuduri X,
et al. Impact of chronic kidney disease on the prevalence of cardiovascular disease in patients with type
2 diabetes in Spain: PERCEDIME2 study. BMC Nephrol. 2014 Sep 16; 15(1):150.

Cea Soriano L, Johansson S, Stefansson B, Rodriguez LAG. Cardiovascular events and all-cause mor-
tality in a cohort of 57,946 patients with type 2 diabetes: associations with renal function and cardiovas-
cular risk factors. Cardiovasc Diabetol [Internet]. 2015 Apr 18 [cited 2015 May 27]; 14. Available from:
http://www.ncbi.nIm.nih.gov/pmc/articles/PMC4409775/

Cruz MC, Andrade C, Urrutia M, Draibe S, Nogueira-Martins LA, de Castro Cintra Sesso R. Quality of
life in patients with chronic kidney disease. Clinics. 2011 Jun; 66(6):991-5. https://doi.org/10.1590/
S$1807-59322011000600012 PMID: 21808864

Salinero-Fort MA, Andrés-Rebollo FJS, Burgos-Lunar C de, Gdmez-Campelo P, Chico-Moraleja RM,
Andrés AL de, et al. Five-Year Incidence of Chronic Kidney Disease (Stage 3-5) and Associated Risk
Factors in a Spanish Cohort: The MADIABETES Study. PLOS ONE. 2015 Apr 9; 10(4):e0122030.
https://doi.org/10.1371/journal.pone.0122030 PMID: 25856231

Worswick J, Wayne SC, Bennett R, Fiander M, Mayhew A, Weir MC, et al. Improving quality of care for
persons with diabetes: an overview of systematic reviews—what does the evidence tell us? Syst Rev.
2013 May 7; 2(1):26.

American Diabetes Association. Standards of Medical Care in Diabetes—2014. Diabetes Care. 2014
Jan 1; 37(Supplement_1):S14-80.

Inker LA, Astor BC, Fox CH, Isakova T, Lash JP, Peralta CA, et al. KDOQI US Commentary on the
2012 KDIGO Clinical Practice Guideline for the Evaluation and Management of CKD. Am J Kidney Dis.
2014; 63(5):713-35. https://doi.org/10.1053/j.ajkd.2014.01.416 PMID: 24647050

Bayer FJ, Galusha D, Slade M, Chu IM, Taiwo O, Cullen MR. Process of care compliance is associated
with fewer diabetes complications. Am J Manag Care. 2014; 20(1):41-52. PMID: 24512164

Sieng S B, Thinkamrop I, Hurst C. Achievement of Processes of Care for Patients with Type 2 Diabetes
in General Medical Clinics and Specialist Diabetes Clinics in Thailand. Epidemiol Open Access [Inter-
net]. 2015 Sep 28 [cited 2017 Jan 19]; Available from: http://www.omicsonline.org/open-access/
achievement-of-processes-of-care-for-patients-with-type-2-diabetes-in-general-medical-clinics-and-
specialist-diabetes-clinics-in-thailand-2161-1165-S2-004.php?aid=60858

R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical
Computing [Internet]. 2016 [cited 2017 Apr 21]. Available from: https://cran.r-project.org/

Christensen RHB. ordinal: Regression Models for Ordinal Data [Internet]. 2015 [cited 2015 Oct 14].
Available from: https://cran.r-project.org/web/packages/ordinal/index.html

Ong-ajyooth L, Vareesangthip K, Khonputsa P, Aekplakorn W. Prevalence of chronic kidney disease in
Thai adults: a national health survey. BMC Nephrol. 2009 Oct 31; 10:35. https://doi.org/10.1186/1471-
2369-10-35 PMID: 19878577

Do OH, Nguyen KT. The role of glycemia and blood pressure control on the rate of decline in glomerular
filtration rate in Vietnamese type 2 diabetes patients. Int J Diabetes Dev Ctries. 2013 May 3; 33(2):96—
100.

ChengD, FeiY, LiuY, LiJ, Xue Q, Wang X, et al. HbA1C Variability and the Risk of Renal Status Pro-
gression in Diabetes Mellitus: A Meta-Analysis. PLOS ONE. 2014 Dec 18; 9(12):e115509. https://doi.
org/10.1371/journal.pone.0115509 PMID: 25521346

Liao L-N, Li C-I, Liu C-S, Huang C-C, Lin W-Y, Chiang J-H, et al. Extreme Levels of HbA1c Increase
Incident ESRD Risk in Chinese Patients with Type 2 Diabetes: Competing Risk Analysis in National
Cohort of Taiwan Diabetes Study. PLOS ONE. 2015 Jun 22; 10(6):e0130828. https://doi.org/10.1371/
journal.pone.0130828 PMID: 26098901

Cosmo SD, Viazzi F, Pacilli A, Giorda C, Ceriello A, Gentile S, et al. Achievement of therapeutic targets
in patients with diabetes and chronic kidney disease: insights from the Associazione Medici Diabetologi
Annals initiative. Nephrol Dial Transplant. 2015 Apr 16;gfv101.

Lee C,LiT,Lin S, Wang J, Lee | -t., Tseng L, et al. Dynamic and Dual Effects of Glycated Hemoglobin
on Estimated Glomerular Filtration Rate in Type 2 Diabetic Outpatients. Am J Nephrol. 2013 Jul; 38
(1):19-26. https://doi.org/10.1159/000351803 PMID: 23817017

PLOS ONE | https://doi.org/10.1371/journal.pone.0180977  July 28, 2017 14/15


http://www.sciencedirect.com/science/article/pii/S1751991814000722
http://www.sciencedirect.com/science/article/pii/S1751991814000722
https://doi.org/10.1186/1471-2369-13-87
https://doi.org/10.1186/1471-2369-13-87
http://www.ncbi.nlm.nih.gov/pubmed/22905926
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4409775/
https://doi.org/10.1590/S1807-59322011000600012
https://doi.org/10.1590/S1807-59322011000600012
http://www.ncbi.nlm.nih.gov/pubmed/21808864
https://doi.org/10.1371/journal.pone.0122030
http://www.ncbi.nlm.nih.gov/pubmed/25856231
https://doi.org/10.1053/j.ajkd.2014.01.416
http://www.ncbi.nlm.nih.gov/pubmed/24647050
http://www.ncbi.nlm.nih.gov/pubmed/24512164
http://www.omicsonline.org/open-access/achievement-of-processes-of-care-for-patients-with-type-2-diabetes-in-general-medical-clinics-and-specialist-diabetes-clinics-in-thailand-2161-1165-S2-004.php?aid=60858
http://www.omicsonline.org/open-access/achievement-of-processes-of-care-for-patients-with-type-2-diabetes-in-general-medical-clinics-and-specialist-diabetes-clinics-in-thailand-2161-1165-S2-004.php?aid=60858
http://www.omicsonline.org/open-access/achievement-of-processes-of-care-for-patients-with-type-2-diabetes-in-general-medical-clinics-and-specialist-diabetes-clinics-in-thailand-2161-1165-S2-004.php?aid=60858
https://cran.r-project.org/
https://cran.r-project.org/web/packages/ordinal/index.html
https://doi.org/10.1186/1471-2369-10-35
https://doi.org/10.1186/1471-2369-10-35
http://www.ncbi.nlm.nih.gov/pubmed/19878577
https://doi.org/10.1371/journal.pone.0115509
https://doi.org/10.1371/journal.pone.0115509
http://www.ncbi.nlm.nih.gov/pubmed/25521346
https://doi.org/10.1371/journal.pone.0130828
https://doi.org/10.1371/journal.pone.0130828
http://www.ncbi.nlm.nih.gov/pubmed/26098901
https://doi.org/10.1159/000351803
http://www.ncbi.nlm.nih.gov/pubmed/23817017
https://doi.org/10.1371/journal.pone.0180977

@° PLOS | ONE

Quality of care on progression of chronic kidney disease in Type 2 Diabetes Mellitus

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Shurraw S, Hemmelgarn B, Lin M, et al. Association between glycemic control and adverse outcomes
in people with diabetes mellitus and chronic kidney disease: A population-based cohort study. Arch
Intern Med. 2011 Nov 28; 171(21):1920—7. https://doi.org/10.1001/archinternmed.2011.537 PMID:
22123800

Cummings DM, Larsen LC, Doherty L, Lea CS, Holbert D. Glycemic Control Patterns and Kidney Dis-
ease Progression among Primary Care Patients with Diabetes Mellitus. J Am Board Fam Med. 2011 Jul
1; 24(4):391-8. https://doi.org/10.3122/jabfm.2011.04.100186 PMID: 21737763

Luk AOY, Ma RCW, Lau ESH, Yang X, Lau WWY, Yu LWL, et al. Risk association of HbA1c variability
with chronic kidney disease and cardiovascular disease in type 2 diabetes: prospective analysis of the
Hong Kong Diabetes Registry. Diabetes Metab Res Rev. 2013 Jul; 29(5):384—90. https://doi.org/10.
1002/dmrr.2404 PMID: 23463747

Eriksen BO, Stefansson VTN, Jenssen TG, Mathisen UD, Schei J, Solbu MD, et al. Elevated blood
pressure is not associated with accelerated glomerular filtration rate decline in the general non-diabetic
middle-aged population. Kidney Int. 2016 Aug 1; 90(2):404—10. https://doi.org/10.1016/j.kint.2016.03.
021 PMID: 27188503

Imai E, lto S, Haneda M, Harada A, Kobayashi F, Yamasaki T, et al. Effects of blood pressure on renal
and cardiovascular outcomes in Asian patients with type 2 diabetes and overt nephropathy: a post hoc
analysis (ORIENT-blood pressure). Nephrol Dial Transplant. 2016 Mar 1; 31(3):447-54. https://doi.org/
10.1093/ndt/gfv272 PMID: 26152402

Sheen Y-J, Lin J-L, Li T-C, Bau C-T, Sheu WH-H. Systolic blood pressure as a predictor of incident
albuminuria and rapid renal function decline in type 2 diabetic patients. J Diabetes Complications. 2014
Nov; 28(6):779-84. https://doi.org/10.1016/j.jdiacomp.2014.08.002 PMID: 25219331

Rodriguez-Poncelas A, Garre-Olmo J, Franch-Nadal J, Diez-Espino J, Mundet-Tuduri X, Barrot-De la
Puente J, et al. Prevalence of chronic kidney disease in patients with type 2 diabetes in Spain: PERCE-
DIME2 study. BMC Nephrol. 2013; 14:46. https://doi.org/10.1186/1471-2369-14-46 PMID: 23433046

Dyck RF, Hayward MN, Harris SB. Prevalence, determinants and co-morbidities of chronic kidney dis-
ease among First Nations adults with diabetes: results from the CIRCLE study. BMC Nephrol. 2012 Jul
9; 13(1):13-57.

Nicholas SB, Kalantar-Zadeh K, Norris KC. Socioeconomic Disparities in Chronic Kidney Disease. Adv
Chronic Kidney Dis. 2015 Jan; 22(1):6—15. https://doi.org/10.1053/j.ackd.2014.07.002 PMID:
25573507

Udom Krairittichai SP. Prevalence and risk factors of diabetic nephropathy among Thai patients with
type 2 diabetes mellitus. J Med Assoc. 2011Mar; 94 Suppl2: S1-5.

Kosachunhanun N, Limpijarnkit L, Nimsakul S, Likit-ekaraj V, Linpisarn S, Matayabun S, et al. Compar-
ing the effect of sticky rice and white rice on glycemic control in type 2 diabetic subjects. [cited 2016 Nov
2]. Available from: http://www.med.cmu.ac.th/dept/intmed/med_research/oral&poster/Endocrinology/
AmpicaMangklabruks/AmpicaMangklabruks4.pdf

Sieng S, Thinkamrop B, Laohasiriwong W, Hurst C. Comparison of HbA1c, blood pressure, and choles-
terol (ABC) control in type 2 diabetes attending general medical clinics and specialist diabetes clinics in
Thailand. Diabetes Res Clin Pract. 2015 May; 108(2):265—72. https://doi.org/10.1016/j.diabres.2015.
02.005 PMID: 25737034

Bowe B, Xie Y, Xian H, Balasubramanian S, Al-Aly Z. Low levels of high-density lipoprotein cholesterol
increase the risk of incident kidney disease and its progression. Kidney Int. 2016 Apr 1; 89(4):886—-96.
https://doi.org/10.1016/j.kint.2015.12.034 PMID: 26924057

Sacks FM, Hermans MP, Fioretto P, Valensi P, Davis T, Horton E, et al. Association Between Plasma
Triglycerides and High-Density Lipoprotein Cholesterol and Microvascular Kidney Disease and Reti-
nopathy in Type 2 Diabetes Mellitus A Global Case—Control Study in 13 Countries. Circulation. 2014
Mar 4; 129(9):999-1008. https://doi.org/10.1161/CIRCULATIONAHA.113.002529 PMID: 24352521

Lou Q-L, Ouyang X-J, Gu L-B, Mo Y-Z, Ma R, Nan J, et al. Chronic Kidney Disease and Associated Car-
diovascular Risk Factors in Chinese with Type 2 Diabetes. Diabetes Metab J. 2012 Dec; 36(6):433—42.
https://doi.org/10.4093/dm;j.2012.36.6.433 PMID: 23275937

Swinnen SG, Hoekstra JB, DeVries JH. Insulin Therapy for Type 2 Diabetes. Diabetes Care. 2009 Nov;
32(Suppl 2):5253-9.

PLOS ONE | https://doi.org/10.1371/journal.pone.0180977  July 28, 2017 15/15


https://doi.org/10.1001/archinternmed.2011.537
http://www.ncbi.nlm.nih.gov/pubmed/22123800
https://doi.org/10.3122/jabfm.2011.04.100186
http://www.ncbi.nlm.nih.gov/pubmed/21737763
https://doi.org/10.1002/dmrr.2404
https://doi.org/10.1002/dmrr.2404
http://www.ncbi.nlm.nih.gov/pubmed/23463747
https://doi.org/10.1016/j.kint.2016.03.021
https://doi.org/10.1016/j.kint.2016.03.021
http://www.ncbi.nlm.nih.gov/pubmed/27188503
https://doi.org/10.1093/ndt/gfv272
https://doi.org/10.1093/ndt/gfv272
http://www.ncbi.nlm.nih.gov/pubmed/26152402
https://doi.org/10.1016/j.jdiacomp.2014.08.002
http://www.ncbi.nlm.nih.gov/pubmed/25219331
https://doi.org/10.1186/1471-2369-14-46
http://www.ncbi.nlm.nih.gov/pubmed/23433046
https://doi.org/10.1053/j.ackd.2014.07.002
http://www.ncbi.nlm.nih.gov/pubmed/25573507
http://www.med.cmu.ac.th/dept/intmed/med_research/oral&poster/Endocrinology/AmpicaMangklabruks/AmpicaMangklabruks4.pdf
http://www.med.cmu.ac.th/dept/intmed/med_research/oral&poster/Endocrinology/AmpicaMangklabruks/AmpicaMangklabruks4.pdf
https://doi.org/10.1016/j.diabres.2015.02.005
https://doi.org/10.1016/j.diabres.2015.02.005
http://www.ncbi.nlm.nih.gov/pubmed/25737034
https://doi.org/10.1016/j.kint.2015.12.034
http://www.ncbi.nlm.nih.gov/pubmed/26924057
https://doi.org/10.1161/CIRCULATIONAHA.113.002529
http://www.ncbi.nlm.nih.gov/pubmed/24352521
https://doi.org/10.4093/dmj.2012.36.6.433
http://www.ncbi.nlm.nih.gov/pubmed/23275937
https://doi.org/10.1371/journal.pone.0180977

