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Association of renal function with clinical
parameters and conditions in a longitudinal
population-based epidemiological study
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Abstract. The aim of the present study was to examine the
association of renal function with clinical parameters and
conditions in the general population. Study subjects comprised
6,027 community-dwelling individuals who were recruited to
the Inabe Health and Longevity Study: A longitudinal genetic
epidemiological study of atherosclerotic, cardiovascular
and metabolic diseases. The cutoff value, which was used
to divide the subjects into those with normal and those
with low estimated glomerular filtration rate (eGFR), was
60 ml/min/1.73 m?. Bonferroni's correction was applied
to establish the statistical significance of the association.
Longitudinal analysis using the generalized linear mixed-effect
model, following adjustments for age and gender, revealed that
the eGFR was significantly associated (P<0.0017) with serum
levels of triglycerides, low-density lipoprotein cholesterol,
uric acid, blood glycosylated hemoglobin content, fasting
plasma glucose and body mass index. These parameters
decreased curvilinearly with increases in eGFR. Furthermore,
eGFR correlated positively with serum levels of high-density
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lipoprotein (HDL) cholesterol. Longitudinal analysis using
the generalized estimating equation following adjustment for
age and gender indicated a significant association (P<0.0024)
between eGFR and prevalence of hypertension, type 2
diabetes mellitus, hypo-HDL cholesterolemia, hyperuricemia
and obesity. Thus, low eGFR results in detrimental effects
on various clinical parameters and conditions, resulting in
increased risk of hypertension, dyslipidemia, type 2 diabetes
mellitus, hyperuricemia and obesity.

Introduction

Chronic kidney disease (CKD) is associated with various
cardiovascular diseases and increased healthcare costs (1).
The glomerular filtration rate (GFR) diminishes with age by
0.6 to 1.1 ml/min/year, and the estimated prevalence of CKD is
~13% in the general population in Japan (2). In addition, epide-
miologic studies reported that development of CKD leads to
progression of atherosclerosis even during the initial stage (3,4).

Diabetes mellitus (DM) is an established risk factor for
the development of CKD (5). A large cohort study reported
a strong association between fasting plasma glucose (FPG)
level and renal function even in subjects without DM (6).
Furthermore, hypertension and/or dyslipidemia frequently
coexist with CKD, which are often associated with marked
renal impairment (7,8). Given that risk factor clustering is a
strong predictor of future progression of renal dysfunction, it is
important to select appropriate therapeutic strategies that take
into consideration risk stratification and control of multiple
risk profiles. However, the temporal association between the
above-mentioned risk factors and renal function with aging
remains unclear in Japanese patients. The present large-scale
longitudinal study was designed to clarify the association
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of renal dysfunction with a multitude of clinicopathological
parameters and conditions, and to define age-associated
changes in these parameters in the general population.

Materials and methods

Study subjects. A total of 6,027 community-dwelling indi-
viduals were recruited to the Inabe Health and Longevity
Study: A longitudinal epidemiological study of atheroscle-
rosis, and cardiovascular and metabolic diseases (9-12). The
subjects were recruited from among individuals who visited
the health care center of Inabe General Hospital (Inabe, Japan)
for their annual health checkup, and who were followed up
annually. For all participants registered between March 2010
and September 2012, clinical examination data obtained
from April 2003 to March 2014 (11 years) were entered into a
database. For individuals with two or more medical checkups
per year, data from one time point for each year were entered,
so that each subject had one set of health data for each year
they had attended the clinic. In general, the study participants
had undergone one to 11 clinical examinations, and the mean
follow-up period was 5 years.

The study protocol was complied according to the
Declaration of Helsinki and was approved by the Committees
on the Ethics of Human Research of Mie University Graduate
School of Medicine (Tsu, Japan) and Inabe General Hospital.
Written informed consent was obtained from each subject.

Definition of clinical conditions. The estimated GFR (eGFR)
was calculated using a simplified equation derived from
that in the Modification of Diet in Renal Disease Study and
proposed by the Japanese Society of Nephrology: eGFR
(ml/min/1.73 m?)=194 x [age (years)]*?*7 x [serum creatinine
(mg/d)]"%* x [0.739 for females] (13). Low eGFR repre-
sented values <60 ml/min/1.73 m?, based on the National
Kidney Foundation-Kidney Disease Outcomes Quality
Initiative (1). Thus, 592 subjects were diagnosed with low
eGFR. The eGFR of the control subjects (n=4,928) was
>60 ml/min/1.73 m?. Subjects with hypertension either had
a systolic blood pressure (BP) =140 mmHg or diastolic BP
=90 mmHg (or both) or were currently on antihypertensive
medication. DM was defined as either FPG =6.93 mmol/l or
blood hemoglobin Alc content =47.5 mmol/mol or current use
of glucose-lowering agents. Hypertriglyceridemia was defined
as either serum triglyceride concentration =1.65 mmol/l or
use of antidyslipidemic medications for hypertriglyceridemia.
Hypo-high-density lipoprotein (HDL) cholesterolemia was
defined as serum HDL-cholesterol concentration <1.04
mmol/l. Hyper-low-density lipoprotein (LDL) cholesterolemia
was defined as either serum LDL-cholesterol concentration
>3.64 mmol/l or current treatment with antidyslipidemic
agents for hyper-LDL-cholesterolemia. Hyperuricemia was
defined as serum concentration of uric acid >416 ymol/l or
current treatment with uric acid-lowering medication. Obesity
was defined as body mass index (BMI) =25 kg/m? and BMI
of <25 kg/m? for the control individuals, based on the BMI
criteria of obesity for Japanese and Asian populations (14).

Statistical analysis. Categorical data were compared between
two groups using the %* test. The distribution of continuous
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variables was examined by Shapiro-Wilk test. Comparison
between two groups was conducted using the unpaired
Student's t-test (for variables with normal distribution) or by
Mann-Whitney U test (for variables with skewed distribution).
The association between eGFR and various clinical parameters
and conditions was examined based on a 5-year longitudinal
cohort study. Longitudinal changes in clinical parameters were
analyzed with a generalized linear mixed-effect model (15)
after adjustment for age and gender. Correlations of quantitative
data were examined by simple regression analysis with fitting to
a straight line or quadratic curve. Longitudinal changes in the
prevalence of hypertension, type 2 DM, hypertriglyceridemia,
hypo-HDL-cholesterolemia, hyper-LDL-cholesterolemia,
hyperuricemia and obesity were analyzed with the generalized
estimating equation (16) after adjustment for age and gender.
Subjects with eGFR <40 or >100 ml/min/1.73 m? were
excluded from analysis, as the number of such subjects
was small (40 with eGFR <40 ml/min/1.73 m?;, 408 with
eGFR >100 ml/min/1.73 m?). Age-associated changes in the
prevalence of hypertension, type 2 DM, hypertriglyceridemia,
hypo-HDL-cholesterolemia, hyper-LDL-cholesterolemia,
hyperuricemia and obesity were compared between subjects
with low eGFR and the control subjects using a generalized
estimating equation. To compensate for multiple comparisons
of variables, Bonferroni's correction was applied for statistical
significance of association. The significance levels were
therefore as follows: P<0.0023 (0.05/22 tests) in Table I;
P<0.0017 (0.05/30 tests) in Table II; P<0.0024 (0.05/21 tests) in
Table IIT; P<0.0025 (0.05/20 tests) in Table IV; and P<0.0036
(0.05/14 tests) in Table V. Statistical analysis was performed
using the R software version 3.2.1 (the R Project for Statistical
Computing; http://wwl.rproject.org/) and JMP version 5.1
software (SAS Institute, Inc., Cary, NC, USA).

Results

Patient characteristics. The baseline characteristics of the
study subjects are presented in Table I. The prevalence of low
eGFR was 10.7% (men, 12.3%; women, 8.7%). In subjects with
low eGFR, age, proportion of men, BMI, systolic and mean
BP, serum concentrations of triglycerides, uric acid, blood urea
nitrogen, and creatinine, FPG level, and blood hemoglobin
Alc content were significantly increased (P<0.0023) when
compared with the control subjects. Whereas serum concentra-
tion of HDL-cholesterol, and blood hemoglobin, hematocrit,
and platelet count were lower in subjects with low eGFR
versus the control subjects. Since the recruitment period and
follow-up period were different among subjects, it was difficult
to evaluate the initial eGFR on the inclusion point. Therefore,
we calculated the mean eGFR at each year (Fig. 1). No differ-
ences were identified between the mean eGFR among years
examined (P=0.4433, one-way analysis of variance).

Longitudinal analysis of the associations between eGFR and
clinical parameters. After adjustments for age and gender,
longitudinal analysis using the generalized linear mixed-effect
model showed a significant association (P<0.0017)
between eGFR and serum concentrations of triglycerides,
HDL-cholesterol, LDL-cholesterol and uric acid, blood hemo-
globin Alc content, FPG level and BMI using data from all
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Table I. Characteristics of study subjects: Cross-sectional analysis in March 2014.
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Parameter All, n=5520 Low eGFR, n=592 Control, n=4928 P-value
Age (years) 54.1+£12.8 66.4+9.3 52.8+12.4 <0.0001
Male (%) 553 64.2 55.1 <0.0001
Body mass index (kg/m?) 23.0+£34 23.6+£3.2 229+34 <0.0001
Current or former smoker (%) 46.6 434 47.0 0.0980
Systolic BP (mmHg) 120.8+16.0 125.2+16.1 120.3+15.8 <0.0001
Diastolic BP (mmHg) 74.9+12.1 76.0+£12.0 74.7+12.1 0.0060
Mean BP (mmHg) 90.2+12.5 92.4+12.2 90.0+12.5 <0.0001
Serum triglycerides (mmol/l) 1.3+0.9 1.3+0.7 1.3+0.9 <0.0001
Serum HDL-cholesterol (mmol/I) 1.7+£0.5 1.6+0.5 1.7+0.5 <0.0001
Serum LDL-cholesterol (mmol/l) 3.2+0.8 3.1+0.8 3.2+0.8 0.0610
Fasting plasma glucose (mmol/l) 5.6+1.1 5712 5.5+1.1 <0.0001
Blood hemoglobin Alc (mmol/mol) 38.6+7.2 40.4+6.5 384473 <0.0001
Blood urea nitrogen (mmol/l) 5.2+20 6.9+3.6 49+1.2 <0.0001
Serum creatinine (¢ mol/l) 66.8+15.7 90.7+19.6 63.9+13.1 <0.0001
eGFR (ml/min/1.73 m?) 774153 52.7+6.8 80.3x13.2 <0.0001
Serum uric acid (zmol/l) 325.2+85.0 370.0+89.6 319.8+82.7 <0.0001
Serum C-reactive protein (¢ g/l) 970.0+£3476 .4 1185.4+£3263.3 949.6+3496.0 0.3496
White blood cells (103/ul) 54+1.6 54+1.6 54+1.6 0.8500
Red blood cells (10*/ul) 437.0+43.6 421.7+49.1 438.5+42.8 0.8500
Hemoglobin (g/1) 138.1+15.0 135.2+16.8 138.4+14.9 <0.0001
Hematocrit (%) 40.3+4.2 39.5+4.5 404+4 .1 <0.0001
Platelet counts (10%/u1) 224453 20.6+5.2 22.5+54 <0.0001

Data are presented as mean + standard deviation or percentages. BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipo-
protein; eGFR, estimated glomerular filtration rate (ml/min/1.73 m?)=194 x [age (years)]*?” x [serum creatinine (mg/dl)]"** x [0.739 for
females]. Based on Bonferroni's correction, P<0.0023 (0.05/22 tests) was considered to indicate a statistically significant difference and sig-
nificant values are presented in bold.

Table I1. Longitudinal analysis of the associations between eGFR and clinical parameters using the generalized linear mixed-effect
model with adjustments for age and gender.

Parameter All Low eGFR Control
Systolic BP 0.0780 0.5370 0.6650
Diastolic BP 0.6800 0.4500 0.0110
Mean BP 0.3000 0.4600 0.0024
Serum triglycerides 0.0014 0.5200 0.1900
Serum HDL-cholesterol 5.1x10° 1.6x10°% 0.8400
Serum LDL-cholesterol 1.7x101 1.0000 0.5405
Blood hemoglobin Alc 1.8x10¢ 0.5791 0.2410
Fasting plasma glucose 4.2x107 0.0035 0.0367
Serum uric acid <2.0x10'¢ 0.5600 <2.0x10°'¢
Body mass index 1.3x10°1° 0.5600 2.0x10°

BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate
(ml/min/1.73 m?)=194 x [age (years)]**’ x [serum creatinine (mg/dl)]"'?** x [0.739 for females]. Based on Bonferroni's correction, P<0.0017
(0.05/30 tests) was considered to indicate a statistically significant difference and significant values are presented in bold.

subjects. Similar analysis indicated that eGFR was significantly
associated with serum concentrations of HDL-cholesterol in
subjects with low eGFR, and to serum concentrations of uric

acid and BMI in the control group (Table II). Systolic (Fig. 2A),
diastolic (Fig. 2B), and mean BP (Fig. 2C), serum concentra-
tions of triglycerides (Fig. 2D) and uric acid (Fig. 2I), FPG level
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Table III. Longitudinal analysis of the associations between eGFR and clinical conditions using the generalized estimating

equation with adjustments for age and gender.

Parameter All Low eGFR Control
Hypertension 0.0006 5.1x10"2 0.1413
Type 2 diabetes mellitus <2.0x10'¢ 1.6x10" <2.0x10'¢
Hypertriglyceridemia 0.1800 5.2x107 0.2290
Hypo-HDL-cholesterolemia <2.0x10'¢ 0.0034 0.0025
Hyper-LDL-cholesterolemia 0.0182 0.0912 2.8x1012
Hyperuricemia <2.0x10'¢ <2.0x10'¢ <2.0x10'¢
Obesity 5.5x101° 0.5065 <2.0x10'¢

HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate (ml/min/1.73 m?)=194 x [age
(years)]*?" x [serum creatinine (mg/dl)]"%* x [0.739 for females]. Based on Bonferroni's correction, P<0.0024 (0.05/21 tests) was considered
to indicate a statistically significant difference and significant values are presented in bold.

Table IV. Longitudinal analysis of the associations between
clinical parameters and age using the generalized linear
mixed-effect model with adjustment for gender.

Table V. Longitudinal analysis of the associations between
clinical conditions and age using the generalized estimating
equation with adjustment for gender.

Parameter Low eGFR Control Parameter Low eGFR Control
Systolic BP 0.0097 <2.0x10'¢  Hypertension 0.0350 <2.0x10'¢
Diastolic BP 1.6x10°8 <2.0x10'¢  Type 2 diabetes mellitus 0.9300 0.7600
Mean BP 1.7x10°¢ <2.0x10'¢  Hypertriglyceridemia 0.0760 <2.0x10'¢
Serum triglycerides 0.1760 <2.0x10'®*  Hypo-HDL-cholesterolemia 0.8140 0.0068
Serum HDL-cholesterol 0.2200 0.0002 Hyper-LDL-cholesterolemia 0.0126 0.8400
Serum LDL-cholesterol 0.4100 <2.0x10'®  Hyperuricemia 0.5600 0.0032
Blood hemoglobin Alc 2.8x10° <2.0x10'¢  Obesity 0.7630 0.2400
Fasting plasma glucose 0.0420 <2.0x10'

Serum uric acid 02100 9.2x10% eGFR, estimated glomerular filtration rate; HDL, high-density
Body mass index 0.0004 <2.0x10° lipoprotein; LDL, low-density lipoprotein. Based on Bonferroni's

eGFR, estimated glomerular filtration rate; BP, blood pressure; HDL,
high-density lipoprotein; LDL, low-density lipoprotein. Based on
Bonferroni's correction, P<0.0025 (0.05/20 tests) was considered to
indicate a statistically significant difference and significant values are
presented in bold.

(Fig. 2G), blood hemoglobin Alc content (Fig. 2H) and BMI
(Fig. 2J) decreased curvilinearly. However, the serum concen-
trations of HDL-cholesterol (Fig. 2E) increased as eGFR
increased. Serum concentrations of LDL-cholesterol (Fig. 2F)
reduced slightly with increases in eGFR.

Longitudinal analysis with the generalized estimating
equation following adjustment for age and gender demon-
strated a significant association (P<0.0024) between
eGFR and the prevalence of hypertension, type 2 DM,
hypo-HDL-cholesterolemia, hyperuricemia and obesity
based on analysis of data from all subjects. Similar analysis
demonstrated a significant association between eGFR and
prevalence of hypertension, type 2 DM, hypertriglyceridemia
and hyperuricemia in subjects with low eGFR, and with type 2
DM, hyper-LDL-cholesterolemia, hyperuricemia and obesity
in the control group (Table III).

correction, P<0.0036 (0.05/14 tests) was considered to indicate a
statistically significant difference and significant values are presented
in bold.

The prevalence of hypertension (Fig. 3A), hypertriglyc-
eridemia (Fig. 3C) and hyperuricemia (Fig. 3F) decreased
as eGFR increased. The prevalence of type 2 DM (Fig. 3B),
hypo-HDL-cholesterolemia (Fig. 3D), hyper-LDL-cholester-
olemia (Fig. 3E), and obesity (Fig. 3G) demonstrated slight
decreases as eGFR increased.

Longitudinal analysis of the associations between clinical
parameters and age. Longitudinal analysis was then performed
for the associations between various clinical parameters and
age in subjects with low eGFR and the control subjects using the
generalized linear mixed-effect model (Table IV). The analysis
showed significant association of diastolic and mean BP, blood
hemoglobin Alc content, and BMI (P<0.0025) with age among
the subjects with low eGFR. In the control group, systolic and
mean BP, blood hemoglobin Alc content, and FPG level were
correlated positively with age. Conversely, diastolic BP, serum
concentrations of triglycerides, HDL- and LDL-cholesterol,
uric acid and BMI were negatively correlated with age.
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Figure 1. Distribution of eGFR of study subjects. Values are presented as mean + standard deviation. eGFR, estimated glomerular filtration rate.
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Figure 2. P-values of the association of eGFR with clinical parameters were analyzed by the generalized linear mixed-effect model. Analysis of the association
of eGFR with (A) systolic, (B) diastolic and (C) mean blood pressure; serum concentrations of (D) triglycerides, (E) HDL-cholesterol and (F) LDL-cholesterol;
(G) fasting plasma glucose level; (H) blood hemoglobin Alc content; (I) serum concentrations of uric acid and (J) body mass index was performed. eGFR,
estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Fig. 4 demonstrates age-associated changes in various
clinical parameters. Systolic BP increased with age in the two
groups (Fig. 4A). Diastolic BP increased with age, up to ~50 and
60 years of age, in the subjects with low eGFR and the control
subjects, respectively and decreased thereafter (Fig. 4B). Mean
BP increased with age up to ~60 years and ~70 years in the
subjects with low eGFR and the control subjects, respectively
and decreased thereafter (Fig. 4C). Serum concentrations of

triglycerides (Fig. 4D) and LDL-cholesterol (Fig. 4F) increased
with age with a peak at 60 years and decreased thereafter in the
control, while they decreased consistently with age in subjects
with low eGFR. Serum concentrations of HDL-cholesterol
slightly increased with age up to ~50 years and ~60 years in
the low eGFR group and the control subjects, respectively and
decreased thereafter (Fig. 4E). FPG level (Fig. 4G) and blood
hemoglobin Alc content (Fig. 4H) increased with age, with a
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Figure 3. P-values of the association of eGFR with clinical conditions using
the generalized estimating equation. The association of eGFR with the
prevalence of (A) hypertension, (B) type 2 diabetes mellitus, (C) hypertriglyc-
eridemia, (D) hypo-HDL-cholesterolemia, (E) hyper-LDL-cholesterolemia,
(F) hyperuricemia and (G) obesity was analyzed. eGFR, estimated glo-
merular filtration rate; HDL, high-density lipoprotein; LDL, low-density
lipoprotein.

peak at 70 years and decreased thereafter in subjects with low
eGFR and in the control subjects. Uric acid decreased gradually
with age (Fig. 41), while BMI increased with age with a peak at
60 years and decreased thereafter, in the two groups (Fig. 47).
Finally, longitudinal analysis of the associations between
clinical conditions and age was conducted using the generalized
estimating equation. The analysis demonstrated significant
associations between hypertension, hypertriglyceridemia and
hyperuricemia (P<0.0036) and age in the control subjects
(Table V). Fig. 5 demonstrates the age-associated changes
in the prevalence of clinical conditions. The prevalence of
hypertension increased with age in the two groups (Fig. 5A).
The prevalence of type 2 DM increased gradually with age in the
two groups (Fig. 5B). The prevalence of hypertriglyceridemia
increased with age in the control subjects, whereas it decreased
with age in the subjects from the low eGFR group (Fig. 5C).
The prevalence of hyper-LDL-cholesterolemia decreased with
age among subjects with low eGFR, whereas it increased
with age in the control subjects (Fig. SE). The prevalence
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of hyperuricemia decreased marginally in the two groups
(Fig. 5F). The prevalence of hypo-HDL-cholesterolemia and
obesity showed no association with age (Fig. 5D and G).

Discussion

The present study examined the association between renal
dysfunction, and various parameters and clinical status in
a longitudinal epidemiological study. The results indicated
that impairment of renal function had detrimental effects on
various clinical parameters and patient health status.

Hypertension is a frequent complication in patients with
renal impairment, and is present concurrently with other factors
involved in the development of diabetes and/or non-diabetic
CKD progression (8,17,18). The pathophysiology and mecha-
nisms of hypertension in renal impairment are complex.
Previous studies reported that activation of the sympathetic
nervous system and renin-angiotensin-aldosterone system
contributes to the development of hypertension in individuals
with CKD (19). Furthermore, sodium retention, volume
expansion, and reduced synthesis of vasodilator substances
subsequent to the rise in BP may exacerbate hypertension.
Impairment of autoregulation of glomerular pressure may also
lead to glomerular hypertension (20). Given that activation of
the renin-angiotensin-aldosterone system not only causes a
rise in BP, but also promotes cell proliferation, inflammation,
and matrix accumulation, it may also lead to the progression
of CKD (17). Therefore, strict control of BP is highly recom-
mended for CKD subjects and is expected to delay renal injury
progression. The current results of eGFR correlating signifi-
cantly and negatively with the prevalence of hypertension in
the low eGFR group are consistent with the results of previous
studies (8,17,18), although the exact underlying mechanisms
were not evaluated.

In the Framingham Heart Study (21), systolic BP increased
with age from 30 to 84 years, whereas diastolic BP increased
until the fifth decade, and subsequently slowly decreased from
the ages of 60 to 84 years. Similar age-associated changes in
BP parameters were observed in the present study. Although
a significant association between eGFR and systolic, diastolic
or mean BP was not identified, each BP parameter was greater
in the low eGFR group (even in young individuals; aged
40-60 years), and each BP parameter peak occurred earlier in
the low eGFR group, when compared with the control subjects.

Dyslipidemia is also common in patients with CKD (22).
Weiner and Sarnak (23) reported high prevalence of
hyper-LDL-cholesterolemia (~85%) among non-dialysis
nephrotic CKD patients, together with high incidences of hyper-
triglyceridemia and hypo-HDL-cholesterolemia. The possible
underlying mechanism of dyslipidemia in CKD patients may
be reflected in apolipoprotein profiles, and lipid profiles vary
depending on the level of renal function and the degree of
proteinuria (22). Non-dialysis CKD patients, particularly those
with nephrotic syndrome, exhibit decreased activity of total
and tissue-bound lipoprotein lipase, which is the predominant
enzyme involved in the catabolism of triglycerides, resulting
in high triglycerides levels. In addition, reduced synthesis of
apoprotein A-I and HDL-cholesterol, which correlates with the
decline in GFR, is observed in all spectra of CKD patients (24).
However, serum concentrations of total and LDL-cholesterol



SPANDIDOS .
PUBLICATIONS BIOMEDICAL REPORTS 6: 242-250, 2017

A s B3 C_ D_
% 10 £ ®1 :gloo £ s
%m En- E E "
Em N % - § "

125 = s Qs
k1 .§ 74 2=
- 3 g o £ ]
2 L2 ] -] E
§ "s — q E g {8
& - - LoweGFR 8 |- -- LoveorR ' 2, o

- = - L] - - - - n -
Age (years) Age (years)

E % 17 F = G%‘ 60 H =
E 34 £ 3 ud
‘E".US- £ 594 E
E - /—\ 5 12 2 .l ;& 424
w
'g‘-""'" _________ 10 % 874 E 40
§ : g H
;n; 154 S5 9." iss. E d

145 4 554
E —— Contral E 26 — conrol 2 —— Contrel § 36+
3 14 === LoweGFR g === LoweGFR B o === Low eGFR k=]

z 3 & ) I 5 ; . » « & 2 ) & » 5 H
Age (years| Age (years) Age (years)
(I J .
i R [—
e |eemmmmm—aa - ® - hES
3 oo § -
o M - E
2 § 24
Sm -5‘ 214
& | coma 8 | —ouw
36| === LoweGFR 204 ===-LoweGFR
- “w L L] - - " L L] L
Age (years) Age (years)

Figure 4. P-values of the association of various clinical parameters with age using the generalized linear mixed-effect model in individuals with low
eGFR and control subjects. The association of age with (A) systolic, (B) diastolic and (C) mean blood pressure; serum concentrations of (D) triglycerides,
(E) HDL-cholesterol and (F) LDL-cholesterol; (G) fasting blood glucose level; (H) blood hemoglobin Alc content; (I) serum concentrations of uric acid and
(J) body mass index. eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

A 100 B 100 — Conlrol c 100 < D 1004 e el
= === LoweGFR = === LoweGFR
£ = £

80 w 20 = w0 2 a0
—_— o
£ £ £ 5
5 “ E L § 6 g 60
£ g g o |-----oa g
> | T ETmmema..
E -~ 2 w0 ® w0 = £ .
e = = ?
£ . 5 ]
o~
“ g = 2- 20 E P
';_‘ = Conlrol ;
0 o o === LoweGFR ol
P % © ™ M ) = ) ® ) F = w n w & = ® Y )
Age (years) Age (years) Age (years) Age (years)
E 100 a 100 — Control G 100 —— Control
§' === LoweGFR === LoweGFR
E w = 0
5 g
,s @ 'E w0 £ oo
w & 2
2 g |m==eo___ ®
£ a0 2wy 0000 T TTEe=~al, & wleeoooooo__.
3 § 8 ®|zoommmmee--e-
g. 0 £ 20 w
g
o - == LowoGFR Al o
L] @ ® n ® ] % @ n ® ) @ ® ®
Age (years) Age (years) Age (years)
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decrease as CKD progresses to kidney failure (23). The current
results demonstrated that eGFR correlated inversely with hyper-
triglyceridemia, and positively with serum HDL-cholesterol in
individuals with low eGFR. In addition, eGFR was observed
to correlate inversely with hyper-LDL-cholesterolemia in the
control subjects. These results were consistent with a previous
report (25), showing a causal association with early and
advanced stages of renal dysfunction.

Dyslipidemia coupled with renal dysfunction enhances the
development of atherosclerosis and cardiovascular diseases (1).
Atherosclerosis of renal arteries and subsequent damage to
marginal cells accelerates renal dysfunction (26). Previous
studies demonstrated that statin therapy reduce the decline
in eGFR in non-dialysis CKD patients (27,28); therefore,
early detection and intensive treatment are essential for these
patients. The current study found that eGFR was significantly
associated with the prevalence of dyslipidemia, even in control
subjects and in younger individuals, indicating that aggressive
clinical management is required in such populations.

In the present study, although eGFR correlated negatively
with the prevalence of type 2 DM in subjects with low eGFR
and the control subjects, no such correlation was identified with
FPG level or blood hemoglobin Alc content. This discrepancy
between our results and previous studies (29) may be due to
treatment of type 2 DM. Renal dysfunction promotes insulin
resistance in patients with mild to moderate stage of CKD,
even when eGFR is maintained within the normal range (30).
In addition, insulin resistance is associated with increased risk
for CKD and is an independent predictor of cardiovascular
diseases (30). Therefore, annual screening for type 2 DM is
recommended for all CKD subjects (31).

Glucose intolerance increases progressively with age.
Glucose intolerance in the elderly may be due to impaired
insulin secretion, increased insulin resistance or changes in
the endocrine system, obesity, physical inactivity, reduced
dietary carbohydrate, impaired renal function or administra-
tion of certain therapeutic agents (32,33). The age associated
increases in fasting blood glucose level and blood hemo-
globin Alc content observed in the present study are consistent
with previous observations (34).

Hyperuricemia is common in CKD patients, and the
association between uric acid and worsening renal function is
well established (35). Animal studies have shown that oxida-
tive stress and endothelial dysfunction due to hyperuricemia
cause renal damage (36). Furthermore, one epidemiological
study suggested that increases in serum uric acid levels
precede the development of CKD (37). In the present study,
eGFR correlated significantly and negatively with serum uric
acid level and the prevalence of hyperuricemia in control
individuals. These findings are consistent with those of a
previous study (37). Inhibition of uric acid excretion due to
renal dysfunction may account for this association, although
the underlying molecular mechanism remains unclear.

The prevalence of obesity is increasing worldwide, and is a
risk factor of numerous diseases, including CKD (38). Insulin
resistance, hyperinsulinemia, abnormal levels of inflammatory
adipokines, and the activated renin-angiotensin-aldosterone
system may contribute to the development of glomerular
injury (39). Furthermore, obesity and CKD may synergisti-
cally affect the occurrence of cardiovascular diseases (40). In
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the present study, eGFR correlated negatively with BMI and
the prevalence of obesity in control subjects. Further studies
are required to examine the importance of BMI control in the
prevention of future renal function loss.

There were certain limitations of the present study. First,
given that we have not performed a replication study, valida-
tion of the current findings will require additional, independent
subject panels. In addition, although the mean follow-up period
was 5 years, the period was heterogeneous and varied from 1 to
11 years. Furthermore, the number of subjects varied between
the different age groups. The present study also included
subjects who were being treated for hypertension, type 2
DM, dyslipidemia and/or hyperuricemia. Finally, information
regarding the underlying renal disease in each patient with low
eGFR was not evaluated. Such information could be obtained
by detailed clinical examination, including renal biopsy;
however, such diagnostic procedure was not considered to be
feasible for a population-based epidemiological study.

In conclusion, the results of the present study indicated that
low eGFR has detrimental effects on various clinical parame-
ters and conditions, resulting in increased risk of hypertension,
dyslipidemia, type 2 DM, hyperuricemia and obesity.
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