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Background: Kidney disease is hard to detect at its early stage; therefore, the Kidney Disease: Improving Global Outcomes
(KDIGO) 2012 guideline was developed for improving care and outcomes of patients with kidney disease. This
study aimed to determine clinical outcomes from applying this guideline in a community hospital service.

Material/Methods: The patients’ data were extracted from their medical records and analyzed for outcomes of using the estimat-
ed glomerular filtration rate (eGFR) and urine albumin-creatinine ratio (UACR) for detecting kidney disease.
Results: The eGFR was utilized in 36 172 patients aged >18 years, and 76.86% of them had normal kidney function. The
prevalence of chronic kidney disease (CKD) was 8.20%; most patients (68%) with CKD were in stages 3a and
3b. The most common causes of CKD were diabetes and hypertension. The UACR was mainly used in patients
with diabetes. The percentage of patients with UACR >3 mg/mmol creatinine alone was significantly higher
than that of patients with eGFR <60 mL/min/1.73 m? alone in diabetes. Patients with controlled diabetes had
a significantly higher percentage of normal kidney function and lower percentage of high UACR alone than pa-
tients with uncontrolled diabetes.

Conclusions: The prevalence and etiology of CKD in this region were similar to that of other regions. The KDIGO 2012 guide-
line helped identify CKD at the early stage. Most patients with diabetes in this region developed diabetic ne-
phropathy in a classical pattern; thus, using eGFR concurrently with UACR could increase chances of detecting
diabetic nephropathy at the early stage.
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Background

The glomerular filtration rate (GFR) is generally accepted as
the best overall index of kidney function. It can be directly
measured by the clearance of exogenous filtration markers
or calculated by the clearance of endogenous filtration mark-
ers, such as creatinine. The direct measure of GFR, however, is
too cumbersome for screening and ambulatory care; therefore,
the estimated GFR (eGFR) calculated by serum creatinine (SCr)
has become the most widely used method in clinical practice
and epidemiologic research [1,2]. Currently, the eGFR can be
acceptably calculated from either the Modification of Diet in
Renal Disease (MDRD) study equation or the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation [3,4].

Kidney dysfunction or kidney disease is hard to be detected
at the early stage because most patients do not have symp-
toms or have nonspecific symptoms. Diagnosis is commonly
made after chance findings from screening tests, or the dis-
ease is detected only when symptoms are chronic. Without
early detection and treatment, kidney disease can progress to
end-stage kidney disease and death [5-7]. These are challeng-
ing health problems globally. Kidney Disease: Improving Global
Outcomes (KDIGO) is an independent organization with the
mission to improve care and outcomes of patients with kidney
disease worldwide and has produced clinical practice guide-
lines in the field of kidney disease. The KDIGO 2012 Clinical
Practice Guideline was developed for evaluation and manage-
ment of chronic kidney disease (CKD) [5,6]. This guideline has
been implemented globally, including in Thailand.

The KDIGO 2012 guideline classifies kidney disease into 6
stages, depending on the eGFR. Stages 1 and 2 have an eGFR
>60 mL/min/1.73 m? and stages 3a, 3b, 4, and 5 have an
eGFR of 59 mL/min/1.73 m? or lower [6]. Several studies have
reported substantial kidney function decline with an eGFR
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<60 mL/min/1.73 m2. Accordingly, the guideline recommends
that an eGFR <60 mL/min/1.73 m? indicates decreased GFR
and an eGFR <15 mL/min/1.73 m? indicates kidney failure [6,8].

The urine albumin-creatinine ratio (UACR) has also been recom-
mended as an index of kidney function. The KDIGO 2012 guide-
line states that a UACR between 3 and 30 mg/mmol creatinine
(30-300 mg/g creatinine) is referred to as moderately increased, or
microalbuminuria, and UACR >30 mg/mmol creatinine is termed
severely increased [6]. In the combination of eGFR and UACR re-
sults, the KDIGO 2012 guideline has recommended the risk strat-
ification of CKD as shown in the Table 1 [6]. Furthermore, the
guideline defines CKD as abnormalities of kidney structure or
function when there is persistently elevated UACR (>3 mg/mmol
creatinine), persistently reduced eGFR (<60 ml/min per 1.73 m?),
or both for greater than 3 months and suggests assessing eGFR
and UACR at least annually in patients with CKD [6,9].

To reduce the prevalence of CKD, its common causes should
be defined. In developed countries, hypertension and diabe-
tes are the most frequent causes of CKD, but in other coun-
tries, different causes of CKD, such as infections, glomeru-
lonephritis, and herbal and environmental toxins, can be as
frequent as the causes of hypertension and diabetes or coex-
ist with them [10,11].

This study aimed to investigate clinical outcomes from apply-
ing the KDIGO 2012 Clinical Practice Guideline in a communi-
ty hospital service in Thailand. The prevalence of CKD and its
common risk factors in this community were also investigated.

Material and Methods

The study was conducted at the HRH Princess Maha Chakri
Sirindhorn Medical Center, Nakhon Nayok, Thailand. The study

Table 1. Risk stratification of chronic kidney disease by eGFR and UACR [6].

eGFR categories

Very high risk

Categories of persistent albuminuria

Very high risk Very high risk

eGFR in mL/min/1.73 m? and UACR in mg/mmol creatinine. eGFR — estimated glomerular filtration rate; UACR — urine albumin-

creatinine ratio.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€938176-2

Indexed in: [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]



Lekskulchai V.:
eGFR and UACR: Prevalence and risk factors of CKD
© Med Sci Monit Basic Res, 2022; 28: €938176

protocol was approved with a waiver of informed consent by
the Srinakharinwirot University Ethics Committee for Human
Research. Analyses were conducted using the electronic med-
ical records of patients admitted to the hospital from January
2016 to December 2018, before the COVID-19 pandemic. All
records of patients aged >18 years and having SCr laboratory
results were collected anonymously and then coded by new
identification numbers. Data on patient sex and age, admis-
sion date, diagnosis, time laboratory tests were ordered, and
the laboratory tests and their results were extracted from the
records. The average ages were calculated from the patients’
age at their first data collected during the study period.

The creatinine level was measured using an enzymatic meth-
od, while urinary albumin and hemoglobin A C (HbA C) levels
were measured using turbidimetric immunoassays. All were per-
formed on the Architect ci8200 instrument (Abbott Laboratories,
Abbott Park, IL, USA). The eGFR and UACR were automatical-
ly calculated by the laboratory information system. The equa-
tion used to calculate eGFR using MDRD was as previously
reported [12] as eGFR (MDRD)=186.3xage%29x(SCr)**%* (if fe-
malex0.742) when SCr is in mg/dL. The eGFR using CKD-EPI
was calculated by equations recommended by the Nephrology
Society of Thailand in 2016 (not published) as follows:
Female aged >18, SCr <0.7 mg/dL:

eGFR (CKD-EPI)=144x(SCr/0.7)°329x(0.993)3e.

Female aged >18, SCr >0.7 mg/dL:

eGFR (CKD-EPI)=144x(SCr/0.7)2x(0.993)3,

Male aged >18, SCr <0.9 mg/dL:

eGFR (CKD-EPI)=141x(SCr/0.9)0411x(0.993)3e.

Male aged >18, SCr >0.9 mg/dL:

eGFR (CKD-EPI)=141x(SCr/0.9)12%x(0.993)3,

All concurrently available eGFR (MDRD) and eGFR (CKD-EPI)
were compared for GFR categorization using a 6x6 cross-tab-
ulation. For patients with multiple SCr measurements, the
available eGFR from their final episode was used to stage
kidney function. All patients with eGFR (CKD-EPI) <60 mL/
min/1.73 m? persistently over 3 months without a recov-
ery were counted as having CKD. End-stage kidney disease
(ESKD) was counted from patients diagnosed with CKD stage
5 along with a report of eGFR <15 mL/min/1.73 m? or having
dialysis and patients with other diagnoses along with eGFR
<15 mL/min/1.73 m? persistently over 6 months without a re-
covery. When eGFR and UACR were available simultaneously,
the kidney function was classified as either normal (eGFR >60
mL/min/1.73 m? and UACR <3 mg/mmol creatinine), albumin-
uria only (eGFR =60 mL/min/1.73 m? and UACR >3 mg/mmol
creatinine), low eGFR only (eGFR <60 mL/min/1.73 m? and UACR
<3 mg/mmol creatinine), or both albuminuria and low eGFR
(eGFR <60 mL/min/1.73 m? and UACR >3 mg/mmol creatinine).
HbA,C, when available, was used to determine the glycemic
control of patients with diabetes as controlled (HbA,C <6.5%)
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or uncontrolled (HbA,C >6.5%). Statistical analyses were per-
formed using SPSS version 19.0 (IBM Corp., Armonk, NY, USA).
Intergroup comparisons were made using the chi-square test.
Statistical significance was defined as P<0.05.

Results

From 2016 to 2018, laboratory tests were obtained from 62 780
patients aged >18 years (Table 2). SCr results were obtained
in 57.62% of patients, and UACR along with SCr in 5.29% of
patients. The UACR was utilized mostly in patients with dia-
betes (60.77%). The results of HbA,C along with UACR were
available for 2481 patients with diabetes. Over half of them
(65.18%) were defined as uncontrolled diabetes or having
HbA,C >6.5% (Table 2). Additionally, the number of patients
with uncontrolled diabetes was greater than the number of
patients with controlled diabetes for both sexes and all age
groups (Figure 1).

The eGFR (MDRD) and eGFR (CKD-EPI) were concurrently re-
ported from 138 417 serum samples, with the 2 eGFR equa-
tions indicating the same stage of kidney disease in 88.42%
of samples (Table 3). Disagreement was highly seen at the
eGFR 260 mL/min/1.73 m?, at 6.39%. Compared with the eGFR
(CKD-EPI) at values <60 mL/min/1.73 m?, the eGFR (MDRD) un-
der-staged in 5.07% and over-staged in 0.14% of patients. As
shown in Table 4, 76.86% of total patients tested for SCr had
eGFR (CKD-EPI) 260 mL/min/1.73 m? at their latest episode,
and CKD was detected in 8.20% of patients. Most patients with
CKD (68%) were in stages 3a and 3b. Diabetes and non-diabe-
tes hypertension were the most common causes of CKD. ESKD
was detected in 447 patients (Table 4), who were in all age
groups, but most were in the groups including patients from
51 to 70 years of age (Figure 2). Most patients with ESKD had
no possible cause reported. At ages <30 years, the ESKD was
identified in 14 male and 4 female patients. Infections were
the most common cause of ESKD in these young patients, in
7 male patients and 1 female patient.

In all patients with eGFR and UACR data concurrently avail-
able, 52.44% had normal kidney function, 24.79% had albu-
minuria alone, 9.22% had low eGFR alone, and 13.55% had
both albuminuria and low eGFR (Table 5). Likewise, in 2588
patients with diabetes tested for both eGFR and UACR, 51%
had normal kidney function, 26.97% had albuminuria alone,
8% had low eGFR alone, and 14.03% had albuminuria and
low eGFR. In both sexes, the percentages of patients with al-
buminuria alone were significantly higher than that of those
with low eGFR alone. Men without diabetes had significantly
higher percentages of low eGFR alone than did women with-
out diabetes. Also, the percentage of low eGFR alone was sig-
nificantly higher in men without diabetes than in men with
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Table 2. Demographics of the study patients.

Male Female Total

Total; n (%) 26041 (41.48%) 36739 (58.52%) 62780

Age; range (meanSD) 18-102 18-107 18-107
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, E N (475311873)

Patients with SCr; n (%) 15883 (43.91%) 20289 (56.09%) 36172
Agejrange (meanssD) 18101 (55.88+1666) 18-106 (5492£16.78)  18-106 (55.3451673)
Dibetesn %) 1761 @135%) 298 (5865%) 459
| Non-diabetes hypertension: n (%) 2046 (4239%) | 781 (5761% 487
 Non-diabetes non-hypertensive dyslipidemia: n (%) 448 (511%) 828 (6489%) 1276
 Nondiabetes non-hypertensive CVD:n (%) - 1793 (56.56%) 1377 (4344%) 370
COthersn(%) 9835 (4344%) 12805 (56.56%) 2640
Patients with SCrand UACR n (%) 1392 (4193%) 1928 (5807%) 30
Agejrange (meanssp) 18-93 (61.5451200) 1995 (6132412.44)  18-95 (6141£12.27)
Diabetesn %) 1083 (4185%) 1505 (5815%) 2588
 Non-diabetes hypertension:n (%) 189 (4021%) 281 (5979%) a0
 Non-diabetes non-hypertensive dyslipidemia: n (%) 38 (3800% 62 (6200% 00
 Nondiabetes non-hypertensive CVD:n (%) 13 (5200%) 12 (48.00%) 5
Cothersn@e) 69 (5036%) 68 (4964%) 137
 Patients with SCr, UACR, and HbAIG; n (%) - 1115 (4081%) - 1617 (59.19%) w2
| Agejrange (meanssp) 1891 (61.1341182) 1991 (60.87412.25)  18-91 (60.98£12.08)
Diabetes with HDAIC <6.5%;n (%) 374 (43.29%) 490 (s671%) 864
Diabetes with HbAIC56.5% 0 %) 613 (37.91%) 1004 6209% 617

Non-diabetes with HbA1C <6.5%; n (%) 128 (51.00%) 123 (49.00%) 251

SCr — serum creatinine; CVD - cardiovascular disease; UACR — urine albumin-creatinine ratio; HbA,C — hemoglobin A,C.

350 M Uncontrolled DM Male
M Controlled DM Male
300 Il Uncontrolled DM Female
[ Controlled DM Female
250
£ 200
o
s
£ 150
£
E
100
50
0 - -
18-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100
Age range (years)

Figure 1. Distribution of controlled and uncontrolled diabetes by sex and age ranges.
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Table 3. Agreement of eGFR (MDRD) and eGFR (CKD-EPI) for GFR categorization.

Number of serum samples, n (%)

45931 4518
! (33.18%) (3.26%) 0 0 0 0
, 3818 37039 506 . . .
2.76%) (26.76%) (0.37%)
Sta(g:I‘(’Db:P‘:fFR . o 2518 12378 132 o o
: (1.82%) (8.94%) (0.10%)
2204 9467 40
1 5 (+] N 0, . (+}
= 0 0 (1.59%) (6.84%) (0.03%) 0
1419 7653 8
4 0 0 0 (1.03%) (5.53%) (0.01%)
868 9918
> 0 0 0 0 (0.63%) (7.17%)

CKD-EPI - Chronic Kidney Disease Epidemiology Collaboration; eGFR — estimated glomerular filtration rate; MDRD — Modification of
Diet in Renal Disease; UACR — urine albumin-creatinine ratio.

Table 4. Patients with chronic kidney disease and end-stage kidney disease by sex.

Male Female Total
Patients with eGFR >60: n (%) 11 683 (42.03%) 16 117 (57.97%) 27 800
 Patients with eGFR <60:n (%) 4200 (50.17%) 4172 49.83%) 8372
Patients with CkD:in (%) 1465 (49.38%) 1502 (50.62%) 2967
 Age:range (meanssD) 25-98 (68.94:12.83)  18-100 (70.49£12.93)  18-100 (69.73:12.91)
Diabetes;n (%) 305 (44.08%) s01 (55.92%) 896
 Non-diabetes hypertension: n (%) 461 (5L97%) 426 (48.03%) 887
 Non-diabetes non-hypertensive CVD: n (%) 214 (5297%) 190 47.03%) s08
infectiononly:n %) 29(4085%) 42 (5915%) no
Ccanceronly:n®%)  28@667%)  32(333% 60
| SLEand theumatoid arthritis only:n (%) 9(333%) 18 (66.67%) 7
 Kidney and urinary tract disorders only: n (%) 132 5000%) 132 50.00%) 264
Cothersn®) 197 (5503%) 161 4497%) 38
Patients with ESKD:n (%) 218 (48.77%) 29 (5123%) a7
 Age:range (meanssD) 25-88 (58.72¢1533)  18-93 (6122414.46) 1893 (60.00£14.93)
Diabetes:n (%)  37(5606%)  29(4394%) 66
 Non-diabetes hypertension: n (%) 36 @47.37%)  40(5263%) 76
 Non-diabetes non-hypertensive CVD: n (%) 25(39.68%)  38(6032%) 63
Cinfectiononly:n %) 19 (5758%) 14 @242% 3
| CKD stage 5 without other diagnosis:n (%) 81 (47.65%)  89(5235%%) 170
Cothersn®%)  20(6L8% 19 4872%) 30

CKD - chronic kidney disease; CVD — cardiovascular disease; eGFR — estimated glomerular filtration rate; ESKD — end-stage kidney

disease; SLE — systemic lupus erythematosus.
€938176-5
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Figure 2. Distribution of end-stage kidney disease by sex and age ranges.

Table 5. Kidney function based on eGFR and UACR.

Number of patients n (%)

Albuminuria and

Low eGFR alone**
W low eGFR

Normal Albuminuria alone*

Male 718 (52%) 323 (23%) 146 (10%) 205 (15%)
e 1023 (53%) 500 (26%) 160 (6%) 245 (13%)
 Non-diabetes male™ 160 55%) 37 12%  s0(6%) 537
 Non-diabetes female™ 252 (60%) 88 1% 0 0%  4300%

Diabetes male*** 549 (51%) 286 (26%) 96 (9%)
Controlled diabetes male  232(62%) o7 18% a4 2% 316w
Uncontrolled diabetes male 273 (@45%) - 193 1% BEw  10407%)
Digbetes female™  71(1%) a207% 120 %)  202(13%)
Controlled diabetes female 275 (56%) - 02 1% s201%  e102%
Uncontrolled diabetes female 463 (@9%) 20161  ST(6%) 126 (13%)

Albuminuria alone* = UACR 23 mg/mmol creatinine and eGFR =60 mL/min per 1.73 m?; Low eGFR alone** = UACR <3 mg/mmol
creatinine and eGFR <60 mL/min per 1.73 m? *** = Some cases did not have the HbA C result.

diabetes. In diabetes, sex had no significant impact on declin-
ing kidney function. Albuminuria alone was significantly high-
er in patients with diabetes than in patients without diabe-
tes. The percentage of patients with albuminuria alone was
significantly higher than the percentage of patients with low
eGFR alone in women without diabetes, with diabetes, and
in controlled and uncontrolled diabetes in both sexes. There
was a significantly higher percentage of normal kidney func-
tion in patients with controlled diabetes and a lower percent-
age of albuminuria than in patients with uncontrolled diabe-
tes (Table 6).

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€938176-6

Discussion

According to the systematic analysis of the Global Burden of
Disease Study, approximately 1.23 million people died from
CKD in 2017, and the global all-age mortality rate for CKD in-
creased by 41.5% between 1990 and 2017 [13]. Early detection
of CKD is critical to slow disease progression, prevent long-
term morbidity and mortality, and decrease health care spend-
ing [14]. In the present study population, SCr and eGFR were
highly utilized (Table 2) not only for detecting and monitoring
CKD but also for other clinical purposes as recommended [15],
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Table 6. Comparative results of kidney function between certain groups.

Condition Kidney status Chi-square P value
Male vs Female All Normal 0.7097 0.3996
Male vs Female All Albuminuria alone 3.2304 0.0723
Male vs Female All Low eGFR alone 4.6324 0.0314
Male vs Female All Abnormal both 2.8138 0.0935
Male All Albuminuria alone vs Low eGFR 80.3326 <0.00001
alone
Female Al Albuminuria alone vs Low eGFR 211.3217 <0.00001
alone
Male vs Female Non-diabetes Albuminuria alone 9.8311 0.0017
Male vs Female Non-diabetes Low eGFR alone 7.4888 0.0062
Male vs Female Non-diabetes Abnormal both 7.6492 0.00568
Male Non-diabetes Albuminuria alone vs Low eGFR 2.2608 0.1327
alone
Female Non-diabetes Albuminuria alone vs Low eGFR 21.2089 <0.00001
alone
Male vs Female Diabetes Normal 0.0726 0.7876
Male vs Female Diabetes Albuminuria alone 0.2992 0.5844
Male vs Female Diabetes Low eGFR alone 0.6534 0.4189
Male vs Female Diabetes Abnormal both 0.2005 0.6543
Male Diabetes Albuminuria alone vs Low eGFR 114.7380 <0.00001
alone
Female Diabetes Albuminuria alone vs Low eGFR 194.6790 <0.00001
alone
Male Diabetes vs Non-diabetes Albuminuria alone 28.1074 <0.00001
Female Diabetes vs Non-diabetes Albuminuria alone 7.4239 0.0064
Male Controlled diabetes I IYGE TS [E5) AT 118.0660 <0.00001
alone
Female Controlled diabetes I LN R ICAR 19.2604 0.00001
alone
Male Uncontrolled diabetes Albuminuria alone vs Low eGFR 5.5962 0.0180
alone
Female Uncontrolled diabetes :\ll::?m“”a alone vs Low eGFR 193.2270 <0.00001
Male Controlled vs uncontrolled diabetes  Normal 28.4602 <0.00001
Female Controlled vs uncontrolled diabetes  Normal 5.8004 0.0160
Male Controlled vs uncontrolled diabetes  Albuminuria alone 22.0448 <0.00001
Female Controlled vs uncontrolled diabetes  Albuminuria alone 16.9070 0.00001
Male Controlled vs uncontrolled diabetes Low eGFR alone 6.5205 0.0107
Female Controlled vs uncontrolled diabetes Low eGFR alone 9.3545 0.0022
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including screening for acute kidney injury in various situa-
tions and assessment of kidney function in order to determine
whether patients could tolerate imaging contrast or wheth-
er certain nephrotoxic medicines were safe to administer.
Consequently, most patients (76.86%), as expected, had nor-
mal kidney function, ensuring further clinical management.
Nevertheless, the present percentage of patients with normal
kidney function was lower than that seen in Korea [16]. As
previously reported [17], CKD has a high rate of occurrence in
low- and middle-income countries, including Thailand. From
assessing the precision of eGFR from CKI-EPI and MDRD equa-
tions in staging kidney function, it was found that they were
highly agreeable (88.42%) (Table 3). Also, according to previ-
ous reports [11,18,19], disagreement between them occurred
mostly when eGFR 260 mL/min/1.73 mZ2. Thus, both could be
used to detect and monitor abnormal kidney function and CKD.

Determining CKD based on the KDIGO 2012 guideline was
complicated because, in many cases, patients were admitted
for various illnesses during 3 successive months and some re-
covered after several months. As previously reported, kidney
disease has numerous complex causes and CKD in patients
with diabetes is heterogeneous, caused by multiple process-
es [9,20]. The guideline describes that the recovery of CKD in
some patients could be entirely reversible, either spontaneous-
ly or with treatment [6]. In the present study, recovery could
even be seen in some patients with eGFR <15 mL/min/1.73
m2 These results led to unclear interpretation, and subse-
quently other more invasive and expensive tests, such as kid-
ney biopsies, were conducted to make an accurate diagnosis.

The common causes of CKD in the present study were diabetes
and non-diabetes hypertension (Table 4), which are similar to
that reported in developed countries [10,11]. Also, non-diabetes
non-hypertensive cardiovascular diseases, infections, cancers,
autoimmune diseases, and kidney and urinary tract disorders
were common causes of CKD in this study population (Table 4).
In these situations, fast detection and treatment seemed to be
key factors for preserving the kidney. According to previous stud-
ies, systemic as well as local inflammation and renal hemody-
namic changes have been identified as important processes in
the development of renal complications [16,21,22]. Because of
the high cost of service, the UACR was rarely monitored in the
present study population and, thus, persistently elevated UACR
for greater than 3 months was infrequently available. Thus, the
prevalence of CKD in the present study was determined based
upon eGFR only, which was 8.20%, in accordance with previous
reports [23,24]. The present study used data before the COVID-19
pandemic to avoid the pandemic’s impact on the accuracy of
CKD prevalence. As recently reported [25,26], the health care
services in Thailand were disrupted, and there were unusual
high mortality rates from either COVID-19 infection or other dis-
eases combined with COVID-19 infection during the pandemic.
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ESKD in this study was detected in 5.3% of patients with
CKD, which was high in a group solely diagnosed CKD stage
5. From the limited available data, a possible cause of ESKD
in this group was not identified. As reported [6,27], the cause
of kidney disease might not be known, since the progression
of CKD is often slow and there are few specific symptoms un-
til the disease is very advanced. Diagnosis is commonly made
after chance findings from screening tests. The most common
identified cause of ESKD in the present study was non-dia-
betes hypertension, followed by diabetes. Moreover, accord-
ing to a report [20], infections including pneumonia, tubercu-
losis, AIDS, and viral hepatitis could lead to ESKD, particularly
in young men, which might result from the infection itself or
from adverse effects of drugs taken.

As previously reported [28], the UACR was rarely utilized alone
but was frequently used along with SCr due to physicians’
familiarity with SCr. However, the rate of utilizing the UACR
along with SCr was not high (Table 2). The main reason was its
high cost, around 10 times higher than that of SCr. Therefore,
physicians used UACR limitedly, preferring not to use it as a
screening test or to measure follow-up values unnecessarily.
Deprived access to laboratory services, as suggested [20], may
lead to underestimating the true burden posed by kidney dis-
ease. It was expected that the prevalence of CKD might have
been higher than 8.20% if UACR was monitored and interpret-
ed along with eGFR.

In the KDIGO 2012 guideline, albuminuria is the earliest mark-
er of glomerular diseases, where it generally appears before
the reduction in GFR, and it is associated with the duration
and severity of hypertension [6]. In this community, the UACR
was highly utilized in diabetes but not often in non-diabetes
hypertension (Table 2): compared to the SCr utilization, only
60.77% and 9.74% of the diabetes and non-diabetes patients,
respectively, were tested for UACR. As mentioned above, dia-
betes and hypertension were the common identified causes
of ESKD; thus, increasing UACR screening in diabetes and hy-
pertension patients may help reduce the incidence of ESKD.

Monitoring both albuminuria and eGFR over time helps iden-
tify individuals with diabetes at high risk of kidney failure
and those who require close monitoring for early initiation of
appropriate preventive and therapeutic strategies [29]. The
classical description of diabetic nephropathy is a slow and
progressive increase in albuminuria, followed later in the dis-
ease by a decrease in eGFR [3,30]. Nevertheless, several stud-
ies have reported substantial kidney function decline (eGFR
<60 mL/min/1.73 m?) in patients with diabetes without albu-
minuria [3,8,16,29,30]. In the present study, almost all patients
with diabetes tested for UACR were also tested for HbA C, and
most of them in both sexes and all age groups were unable to
control their blood glucose, which can be a global health issue.
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Based on the UACR and eGFR, low eGFR alone was prominently
seen in men without diabetes but not in women without diabe-
tes. Non-diabetes hypertension was the most common cause in
these groups; thus, the cause of kidney dysfunction might not
be an explanation of this finding. Regarding the similar rates
of ESKD in both sexes, delayed kidney disease detection could
also not explain this finding. In diabetes, sex had no impact on
declining kidney function (Table 6). According to previous re-
ports [3,31], in this community, around 1 in 5 patients with di-
abetes (22.08%) had low eGFR and approximately 40.65% had
albuminuria. Although low eGFR alone was detected in patients
with diabetes, the percentages were significantly lower than
that of albuminuria alone in both sexes and with controlled and
uncontrolled diabetes (Table 6). These results were also seen
in women without diabetes. Therefore, the classic diabetic ne-
phropathy was actually often detected, and UACR could help
detect kidney disease at the early stage in clinical practices.

Patients with controlled diabetes had a significantly higher rate
of normal kidney function than did patients with uncontrolled
diabetes. Moreover, patients with controlled diabetes had sig-
nificantly lower percentages of albuminuria alone and both al-
buminuria and low eGFR than did those with uncontrolled di-
abetes. This indicated that good glycemic control could more
or less help prevent or delay the development of diabetic ne-
phropathy. Overall, the results support that UACR can be an
early indicator of CKD progression and complications beyond
eGFR, as previously recommended [27,32]. Therefore, all pa-
tients with diabetes and hypertension should have their re-
nal function screened at least annually from the time of di-
agnosis using the UACR and eGFR [31]. Additionally, intensive
glycemic control, optimization of blood pressure, and the use
of renal protective drugs can slow or stop progression of dia-
betic nephropathy [3]. Effectively controlled blood pressure is
also necessary to prevent the development of CKD and ESKD.

The World Health Organization’s Action Plan for non-communi-
cable diseases states that a rise in the number of patients with
kidney disease results from lack of early detection and manage-
ment of hypertension and diabetes [33]. Furthermore, limited epi-
demiological data, common lack of awareness, and frequent poor
access to laboratory services can result in the underestimation
of the true burden posed by kidney disease [20]. Kidney disease
itself may not be a leading cause of death worldwide but it has
an indirect impact on global morbidity and mortality by increas-
ing the risks associated with diabetes, hypertension, cardiovas-
cular diseases, and infection. Therefore, causes, consequences,
and costs of kidney disease should be investigated and suggest-
ed for national and public health policy in all countries [20]. The
KDIGO 2012 guideline recommends that decisions on screening
and referral strategies could have a major impact on the costs and
quality of health-care and encouraged local initiatives combined
with national policy and practice changes to improve outcomes
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of patients with CKD [6]. In Thailand, a middle income country,
there are limited resources and budget for health care servic-
es and a limited number of nephrologists. The nation has ad-
opted peritoneal dialysis as a potentially cheap, accessible, and
sustainable mode of delivering renal replacement therapy since
2008 [34], and from February 2022 the cost for peritoneal dialy-
sis has been fully covered for Thai people by the national health
care policy [35,36]. However, the laboratory cost for screening for
kidney disease is still uncovered by the national policy, probably
because the effectiveness of UACR in screening for early kidney
disease is still ambiguous. To reduce the prevalence of CKD, more
supportive evidences for the effectiveness of UACR are required;
otherwise, a more accurate test with a reasonable cost should be
developed and marketed for replacing the UACR.

With its retrospective design, this study had some limitations.
First, the available data were limited, and under the protocol ap-
proved by the research ethics committee, seeking information
before and after the study period was not allowed. Second, the
COVID-19 pandemic interfered with the accuracy of the epide-
miological data; thus, this study used information before the
pandemic, which was expected to be more precise and simi-
lar to data after the COVID-19 pandemic. Last, the study was
conducted in a community in Thailand that may not have been
representative of the whole nation, although it was expected
to not be much different.

Conclusions

By applying the KDIGO 2012 Clinical Practice Guideline in this
hospital service, a CKD prevalence of 8.20% was found. The most
common cause of CKD was diabetes, followed by non-diabetes
hypertension. The ESKD was detected in 5.3% of patients with
CKD, mostly without specified cause. Hypertension and diabe-
tes were the most common identified causes of ESKD. UACR was
highly used in diabetes but, compared with the SCr, it was far less
utilized in clinical practice. The percentage of albuminuria alone
in patients with diabetes was statistically significantly higher
than that of low eGFR alone. Regardless of its high service cost,
UACR is a useful tool in screening for early kidney dysfunction,
and screening for UACR may help reduce the incidence of ESKD.
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