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Fig. 2. Multivariate-adjusted odds ratios with 95% confidence intervals for prevalent CKD in the quartile groups after stratification for the presence or absence of hypertension,
diabetes, and obesity. Logistic regression analysis was adjusted for age, gender, waist circumference, hypertension, obesity, diabetes, a current smoking habit, daily alcohol con-
sumption, regular exercise habits, history of stroke and heart disease, as well as medication for dyslipidemia in participants with and without hypertension, diabetes, and obesity.
The variable relevant to the subgroup was excluded from each model. Odds ratios and 95% confidence intervals for CKD are shown. Abbreviations: CKD, chronic kidney disease; TG/

HDL; triglycerides/high-density lipoprotein cholesterol.

adjustment for age. Thus, we confirmed that no significant trends
between history of cardiovascular disease and TG/HDL-C in men are
influenced by the inverse trend for age in TG/HDL-C.

It is well-known that moderate CKD increases TG and decreases
HDL-C levels [2—7]. A relationship between dyslipidemia and the
incidence of CKD remains controversial [ 17—19]; however, there is a
growing body of evidence to show that abnormalities in lipid
metabolism contribute to the progression of renal disease [20—24].
Others have reported that the vicious cycle between renal
dysfunction and dyslinidemia is activated in CKD, and this seems to
contribute to cardiovascular and all-cause mortality [25,26].

In Asian population, Kang et al. showed that there were signif-
icant associations between TG/HDL-C and reduced eGFR or albu-
minuria among Korean adults [27,28]. Likewise, the present study
clearly showed that TG/HDL-C was associated with the risk of both
decreased eGFR and proteinuria on the basis of individual data from
216,007 Japanese participants. Therefore, these findings highlight
the potential clinical value of the measurement of both TG and
HDL-C for risk assessment of CKD in the Japanese population.

The mechanism by which the relationship between TG/HDL-C
and the risk of CKD might be mediated is an area of great inter-
est. Previous investigations reported a relationship between a high

TG/HDL-C and elevated levels of small, dense LDL-C particles [12—
14]. These LDL-C particles are highly atherogenic [29], and their
level is considered a useful marker of insulin resistance [8—11],
which, in turn, mediates risk factors for cardiovascular disease and
CKD such as diabetes, hypertension, obesity, lipid abnormalities,
and atherosclerosis [30]. These findings suggest us that the asso-
ciation between TG/HDL-C and CKD might be influenced by the
relevant confounding factors such as diabetes, hypertension, and
obesity. Because of the large number of the participants, we could
perform stratified analyses to assess whether diabetes, hyperten
sion, or obesity influenced the association between TG/HDL-C and
CKD, and we found that the association between TG/HDL-C and
CKD was robust regardless of the presence of these diseases, sug-
gesting that TG/HDL-C is independently associated with the risk of
CKD, regardless of the presence of known atherogenic variables.
This finding is in accordance with previous studies suggesting in-
sulin resistance as an independent risk factor for the progression of
renal dysfunction in nondiabetic subjects [31].

On the other hand, the association between TG/HDL-C and CKD
was stronger in participants with diabetes and hypertension than
in participants without these diseases. It is thus possible that lipid
disorders and diabetes or hypertension are linked in a vicious cycle
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and that CKD is a consequence of diabetes or hypertension in in-
dividuals with dyslipidemia. Taken together, these results highlight
the importance of TG/HDL-C as a relevant factor for CKD, especially
in diabetic/hypertensive individuals, and we suggest aggressive
management of dyslipidemia to prevent the incidence and pro-
gression of CKD. However, the pathophysiology of influence of TG/
HDL-C requires further exploration.

Our study had some limitations. First, the cross sectional study
design limits the interpretation of causality between TG/HDL-C and
CKD. Second, single measurements of TG, HDL-C, serum creatinine,
and dipstick measurements of urinary protein could have resulted
in the misclassification of some comorbidities. Third, GFR was not
directly measured, but was estimated with a serum creatinine-
based equation, which could have over- or underestimated the
actual GFR in the Japanese general population. Fourth, our study
participants were generally healthy and were interested in their
own health; therefore, the prevalence of dyslipidemia or CKD may
have been underestimated. Fifth, although we argued the possible
pathogenetic role of small, dense LDL, but we have not shown any
data directly as to the small, dense LDL. One may argue that the
availability of apolipoprotein B levels, which is not an unreasonable
parameter to demand nowadays, might have helped our argument.
However, we cannot provide the data because we had not exam-
ined the levels of apolipoprotein B and also had not stored any
blood samples.

In conclusion, the present findings, representative of a general
population of Japanese adults, indicated that high TG/HDL-C level
significantly associated with prevalent CKD. Further prospective
studies are needed to clarify the causative relationship between
serum TG/HDL-C and CKD.
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ABSTRACT

Background. Chronic kidney disease (CKD) is frequently
associated with uremic encephalopathy and cognitive impair-
ment. Recent studies have demonstrated that cerebral oxidative
stress contributes to cognitive dysfunction. Although oxidative
stress has been reported to increase in the uremic rat brain, the
relationship between increased oxidative stress and cognitive
impairment in uremia is unclear. In the present study, the
effects of tempol (TMP), an antioxidant drug, were investi-
gated in uremic mice.

Methods. CKD was induced in male C57BL/6 mice (1 =8) by
left nephrectomy and 2/3 electrocoagulation of the right renal
cortex. Working memory performance was tested by the radial
arm water maze test. We have prepared two protocols (‘time
course study’ and ‘treatment study’). First, we examined the
working memory test and histological examination of mouse
brains after 4 and 8 weeks. Next, we investigated the effect of
TMP (3 mM) against uremia-induced neurodegeneration and
oxidative stress in the mouse brain.

Results. Eight weeks after CKD induction, vehicle-treated
mice made significantly more errors than sham-operated
control mice, while TMP improved working memory per-
formance in CKD mice. CKD was associated with accumu-
lation of 8-hydroxy-2'-deoxyguanosine in the hippocampal
neuronal cells, but not in TMP-treated CKD mice. Increased
numbers of pyknotic neuronal cells were observed in the

© The Author 2013. Published by Oxford University Press
on behalf of ERA-EDTA. All rights reserved.

hippocampus of CKD mice at 8 weeks, but pyknotic neuronal
cell numbers were decreased under the influence of TMP in
uremic mice.

Conclusions. The present study provided evidence that
uremia is associated with spatial working memory dysfunction
in mice and that treatment with TMP protects against cerebral
oxidative stress and improves cognitive dysfunction in uremic
mice, suggesting their potential usefulness for the treatment of
cognitive dysfunction in uremia.

Keywords: chronic kidney disease, cognitive dysfunction, oxi-
dative stress, uremia

INTRODUCTION

Uremic encephalopathy presents with diverse symptoms in-
cluding headache, visual abnormalities, tremor, asterixis, mul-
tifocal myoclonus, chorea, seizure, clouding of consciousness,
delirium and coma [1]. Several studies have suggested that the
frequency of cognitive disturbance is higher than that pre-
viously suspected and can be detected even in moderate
chronic renal insufficiency [2-4]. In addition, clinical studies
have demonstrated a high risk for dementia and cognitive im-
pairment in patients with chronic kidney disease (CKD) and
those undergoing hemodialysis (3, 5-7].

The association between oxidative stress and cognitive dys-
function has previously been shown. Row et al. [8] reported

529

— 338 —

10°S[RIINO[PIOIXO IPLy/ 1 U0 POPROIUMO(Y

-3
.

AUSIDATUD) DUYSNAY 38 /

+107 ‘¢ 1snSny uo



that intermittent hypoxia caused increased oxidative stress and
deficits in spatial learning in rats. Oxidative stress is also impli-
cated in neurodegenerative diseases with memory impairment
such as Alzheimer’s disease [9]. The hippocampus is con-
sidered important for learning and memory function. More-
over, hippocampal volume can be used to detect cognitive
dysfunction and identify elderly people at risk for Alzheimer’s
disease [10]. However, the presence of hippocampal injury is
unclear in human CKD. Deng et al. [11] reported that chronic
renal failure (CRF) resulted in oxidative stress and increased
tyrosine nitration in the cerebral cortex. Furthermore, antioxi-
dant therapy alleviated CRF-induced oxidative stress and miti-
gated tyrosine nitration in rats with CRE. We have also focused
on oxidative stress in the development of cognitive dysfunc-
tion in uremia and the effect of antioxidant drugs against
uremia-induced cognitive dysfunction. Uremia is associated
with depressed superoxide dismutase (SOD) levels and elev-
ated NAD(P)H oxidase expression. This was shown by favor-
able responses to the administration of tempol (4-hydroxy-
2,2,6,6-tetramethylpiperidine-N-oxyl; TMP), a nitroxide com-
pound with SOD-mimicking activity [12]. Thus, in the present
study, we hypothesized that TMP provides protection against
chronic uremia-induced cognitive dysfunction through its
antioxidative and neuroprotective effects on hippocampal
neurons.

To verify this hypothesis, we developed a stable mouse
model of uremic CKD and measured cognitive dysfunction
using the radial arm water maze (RAWM) test (Figure 1). We
undertook protocols to (i) determine the association of
uremia-induced cognitive dysfunction with oxidative stress in
uremic mice (Protocol 1) and (ii) examine the effect of antioxi-
dants against uremia-induced cognitive dysfunction in uremic
mice (Protocol 2).

MATERIAL AND METHODS

Preparation of mice

The present study was conducted in C57BL/6] male mice
(8 weeks old; CLEA, Tokyo, Japan). All animal study protocols
were reviewed and approved by the Kyushu University Animal
Care Committee at the Center for Animal Care Facility. All
experiments were conducted according to the National Insti-
tute of Health Guideline for the Care and Use of Laboratory
Animals. Mice were kept at the Experimental Animal Center
of Kyushu University Medical Institution and housed in
groups of four or five per cage in a temperature-controlled
room (23-25°C). All mice had free access to food and water
during the experiments. Mice were sacrificed under anesthesia.

Induction of CKD in mice

CKD was induced in 8-week-old C57BL/6] male mice
using a one-step procedure involving electrocoagulation of the
surface of a surgically exposed right kidney and left nephrect-
omy. Details of this method have been reported previously
[13, 14]. Briefly, electrocoagulation of the entire surface of the
right kidney except for a 2-mm rim of renal tissue around the
hilum was followed by left nephrectomy. All mice were

Escape platform

Light

FIGURE 1: Working memory test-RAWM test. An image of the
RAWM is shown. The RAWM consists of a circular pool measuring
1 m in diameter with six 19-cm-wide arms, radiating from an open
central area, and a submerged escape platform, located at the end of
one arm. The edges of the arms reached above the surface of the
water, forming swim alleys surrounding a central open region. The
platform was placed within one of the alleys (goal arm), and the
mouse was started in one of the other swim arms. The light, a visual
spatial cue, was placed on the floor of the testing room.

subjected to surgery under controlled ether anesthesia, with a
surgical approach through small bilateral flank incisions,
leaving the intestines and upper abdominal content undis-
turbed. Renal electrocoagulation was performed using a foot-
operated single point cauterizer angled at 30° (PROG DS3-M;
Muromachi Kikai Co., Tokyo, Japan). The right kidney was
freed from the perirenal fat and adrenal gland prior to electro-
coagulation and special care was taken not to injure the right
ureter. After electrocoagulation, the kidney was placed into the
renal fossa and completely covered with tissue from the
abdominal wall. A left nephrectomy was performed under
identical operating conditions. After each surgical procedure,
the incisions were closed in layers with clips applied to the
skin. The skin-to-skin operative time did not exceed 5 min.
The control mice received a sham operation that included dec-
apsulation of both kidneys. Special care was taken to avoid
damage to the adrenals. All surgical procedures were per-
formed by a single investigator, and the choice of treatment
(TMP or vehicle water) was determined randomly.

Experimental protocols
Time course study—Protocol 1. Eight-week-old C57BL/6]
male mice (n=32) were randomly divided into two groups.
All mice were allowed to drink water freely. One group was a
sham-operated control group (n=16), and the other group
was CKD-operated group. After surgery on both kidneys, the
32 mice were divided into four groups: sham-operated mice
observed for 4 weeks (Cont-4W: n = 8); sham-operated mice
observed for 8 weeks (Cont-8W: n = 8); remnant kidney mice
observed for 4 weeks (CKD-4W: n =8) and remnant kidney
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mice for 8 weeks (CKD-8W: n=8). All mice were sacrificed
under ether anesthesia at 4 or 8 weeks after surgery.

Treatment study—Protocol 2. Eight-week-old C57BL/6]
male mice (n = 32) were randomly subdivided into the follow-
ing four groups (n=8 for each group): sham-operated mice
with drinking vehicle water (Cont-Veh); sham-operated mice
with drinking 3 mM TMP solution (Sigma, St Louis, MO)
(Cont-TMP); CKD-operated mice with drinking vehicle water
(CKD-Veh) and CKD-operated mice with drinking 3 mM
TMP solution (CKD-TMP). The effective concentration of
TMP was determined by our preliminary study and a previous
study {15]. TMP solution was administered in an opaque con-
tainer and was changed every two days. All mice were sacri-
ficed on day 56 (week 8).

Biochemical parameters

Blood samples were drawn from mice before sacrifice. Mice
were fully anesthetized and held by the back. Then, blood
samples were collected via tail vein, and samples for measure-
ment of serum creatinine (SCr) and blood urea nitrogen
(BUN) were immediately frozen at ~80°C until measurement.
Measurements of SCr and BUN were performed at SRL Inc.
(Tokyo, Japan). Hematocrit (Ht) was determined by centrifu-
gation of microcapillary tubes at 10 000 rpm for 5 min.

RAWM test for spatial working memory assessment

For the RAWM test, an apparatus was constructed as pre-
viously described [16, 17]. The RAWM is a radial arm maze
placed in a pool of water (Figure 1). In this experiment, the
RAWM consisted of a circular pool measuring 1 m in diameter
with 6 19-cm-wide arms radiating out from an open central
area, with a submerged escape platform located at the end of
one arm. Visual spatial cues including a light were placed on
the wall of the testing room. The escape platform was placed
on a different arm each day (the platform location does not
change over one day), forcing the mice to use their memory to
solve the task. A semi-random sequence from four of the re-
maining four arms was then selected as starting points for
each day’s four ‘acquisition’ trials (trial 1-4: T1-4). For any
given acquisition trial, the animal was placed into the desig-
nated start arm facing the common circular swim area. For the
ensuing 1-min trial, the animal was allowed to swim into
arms, with each non-goal arm selection (i.e. error; swimming
into an arm that did not contain the submerged platform) re-
sulting in the mouse being returned (across the surface of the
water) back to that trial’s start arm to continue the trial. If a
mouse entered the goal arm, but could not locate the sub-
merged platform in that arm, an error was scored and the
animal was returned to that trial’s start arm to continue the
trial (i.e. a ‘win-stay strategy’). After the fourth trial, the mouse
was placed in a cage for 30 min and then returned to the maze
and administered the fifth ‘memory retention’ trial (T5) to
assess short-term memory retention. T5 trial was then per-
formed, wherein the start arm was the same as for the T4 trial.
The number of errors in the fifth trial on the fifth day was
used as the result of the RAWM test for each mouse.

Open field activity testing

To test activity and exploratory behavior, each mouse was
placed in an open gray cylindrical box, consisting of a circular
pool measuring 50 cm in diameter, which has lines (four hori-
zontal and four vertical) to demarcate 16 squares, The total
number of line crossings in a single 5-min trial was recorded [16].

Histological examination of mouse brains

Perfusion of the hippocampus was performed using a pre-
viously reported method with some modification [18]. Briefly,
mice were perfused intracardially with a solution containing
4% paraformaldehyde (w/v) in 0.1 mol/L. phosphate buffer,
pH 7.3-7.5. The brain was dissected and then placed in the
same fixative solution for 6 h at 4-5°C. Brains were then dehy-
drated in ethanol, transferred to 1:1 (v/v) ethanol-xylene,
cleared in toluene and embedded in Paraplast (Fischer Scienti-
fic, Park Lane, PA). Serial sections (4 um thick) were mounted
on gelatin-coated glass slides, Paraplast was removed using
toluene (2 x 10 min), and sections were passed through graded
ethanol, washed with distilled water and colored with hema-
toxylin and eosin (H&E). To determine neuronal density,
neuronal nuclei were counted in the 4-um-thick sections to
avoid double counting of neurons.

Enumeration of degenerated neuronal cells

H&E-stained sections of the mouse brain were examined
by light microscopy (Eclipse ES00M model; Nikon, Tokyo,
Japan). The investigator was blinded to the groups and
counted pyknotic cells in eight x400 fields in the hippocampus
region from each section (four sections per mouse) [19]. The
number of pyknotic cells was presented per section (total
counts in eight fields per section).

Immunohistochemical evaluation of hippocampus
lesions for oxidative stress

All specimens were fixed in 10% formalin and routinely
processed for paraffin. Formalin-fixed, paraffin-embedded
tissue sections were serially cut at 4-pm and mounted on ami-
nopropyltriethoxysilane-coated glass slides. Sections were de-
paraffinized in xylene and dehydrated through an ethanol
series. Oxidative stress was examined by immunohistochem-
ical staining for anti-8-hydroxy-2'-deoxyguanosine (8-
OHdG). Brain sections from experimental mice were immu-
nostained with anti-8-OHdG mouse monoclonal antibody
(1:100, Japan Institute for the Control of Aging, Shizuoka,
Japan) as described previously [19, 20]. For 8-OHdG staining,
the glass slides were treated with 10 pg/mL proteinase K and 4N
HCL. Sections were then pre-treated in 0.3% H,O, in methanol
for 30 min to inactivate endogenous peroxidase, preincubated
with 5% skim milk to reduce nonspecific binding and incubated
overnight at 4°C with anti-8-OHdG antibodies. After washing,
the sections were incubated with biotinylated secondary anti-
bodies for 1 h at room temperature followed by horseradish per-
oxidase (HRP)-conjugated streptavidin (100 pg/mL; Nichirei,
Tokyo, Japan) for 30 min. HRP was visualized by reaction with
3, 3-diaminobenzidine tetrahydrochloride (Nichirei). Staining
for 8-OHdG was analyzed from digitalized images using Image
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J 1.43 imaging software (National Institute of Mental Health,
Bethesda, MD) [21]. We selected four representative hippocam-
pal regions from each mouse and produced image files. The
image files were opened in gray scale mode. The plot area, mean
density and plot number corresponding to the number of posi-
tively stained cells were then determined in the hippocampus
using the ‘Analyze Particles’ command after setting an appro-
priate threshold.

Statistical analysis

All data are expressed as mean + SEM in the text and figures.
Data were analyzed and compared among groups by one-way
ANOVA. When a statistically significant effect was found, post
hoc analysis (Dunnett method) was performed to detect the
difference between the groups. A value of P < 0.05 was considered
statistically significant. Statistical comparisons were conducted
using the StatView v5.0 program (Abacus Concept, Berkeley, CA).

RESULTS

Protocol 1

Characteristics of control and CKD mice. Table 1 shows
time course of body weight (BW), BUN, SCr and Ht in
normal control mice and uremic mice. SCr and BUN concen-
trations in the CKD-4W and CKD-8W mice were significantly
higher than in the control mice (P <0.05, respectively). There
was no significant difference in all parameters between CKD-
4W and CKD-8W mice. In addition, Ht and BW were signifi-
cantly lower in CKD mice compared with control mice. These
results indicate that experimental uremic mice are an appro-
priate model for the study of CKD.

Impaired spatial working memory in the RAWM test in
uremic mice 8 weeks after induction of CKD. To deter-
mine the association of uremia with the spatial working
memory dysfunction, we examined mice using the RAWM
test (Figure 1). We trained mice for four days (training days)
and then conducted the spatial working memory test on the
fifth day. On memory retention test (T5), the numbers of
errors of CKD-4W mice were comparable to those of Cont-
4W mice, while CKD-8W mice showed significantly more
errors than the Cont-8W mice, suggesting that CKD-8W mice
showed impaired spatial working memory, probably due to

Table 1. Characteristics of control and CKD mice for Protocol 1

Sham operation

26.8 (26.2-29.2)
BUN (mg/dL) 33.2 (30.2-39.0)
SCr (mg/dL) 0.09 (0.08-0.12)
Ht (%) 50.8 (48.5-52.0)

. Gonisw .

284 (26.4-29.8)
29.0 (224-37.8)
0.09 (0.06-0.15)
51.0 (50.0-53.0)

uremia (Figure 2A). Activity and exploratory behavioral
studies were performed using an open field activity test to de-
termine whether uremia-induced cognitive dysfunction was
associated with a decline in activity or physical abnormalities.
We measured the total number of lines crossed in a 5-min
period after RAWM test. There was no significant difference in
the number of crossed blocks among all groups. The CKD-8W
mice did not exhibit a decrease in open field activity or phys-
ical performance compared with the control mice (Figure 2B).

Increased number of pyknotic neuronal cells in the hippo-
campus of uremic mice. To determine whether CKD was
associated with neuronal degeneration, we examined the histo-
logical changes of neuronal cells using H&E-stained brain sec-
tions from all mice (Figure 3). At x400 magnification,
neuronal cells with a condensed and darkly stained cell body
and nuclei were considered pyknotic neuronal cells
(Figure 3B). The number of pyknotic neuronal cells in the
cornu ammonis 3 (CA3) region of the hippocampus showed
no difference between the control mice and CKD-4W mice
but was significantly higher in the CKD-8W mice compared
with the control mice (Figure 4).

Generation of oxidative DNA damage in the hippocampus
of uremic mice. To determine the involvement of oxidative
DNA damage in the pyknotic changes of neuronal cell nuclei
in the hippocampus, we examined the accumulation of 8-
OHJG in the hippocampus by immunohistochemistry. Strong
8-OHdG immunoreactivity was detected in the nuclei of hip-
pocampal CA3 neurons in the CKD-8W mice (Figure 5A). In
comparison, nuclei of hippocampal neurons of the control
mice and CKD-4W mice exhibited weak immunoreactivity for
8-OHdG, and the numbers of positive cells were significantly
lower in the control and CKD-4W mice than CKD-8W mice.
(Figure 5B, P < 0.05).

Protocol 2

Characteristics of CKD-Veh and TMP-treated mice. SCr
and BUN concentrations in the CKD-Veh and CKD-TMP
mice were significantly higher than in the control mice at 8
weeks after operation (P <0.05, respectively, Table 2). In
addition, Ht and BW were significantly lower in all CKD mice
compared with the control mice. All parameters were compar-
able between the CKD-Veh and CKD-TMP mice.

CKD AW (-8 . DWW 8

L osie

25.8% (24.4-26.1)
78.4** (60.8-80.8)
0.28** (0.16~0.45)
423" (38.5-44.1)

25.1* (23.5-28.5)
72.9* (58.0-102.0)
0.26* (0.12-0.48)
42.0* (40.0-46.5)

Data are medians with ranges.

Cont-4W, sham-operated control mice observed for 4 weeks; Cont-8W, sham-operated control mice observed for 8 weeks; CKD-4W, remnant kidney mice observed for 4 weeks; CKD-
8W, remnant kidney mice observed for 8 weeks; CKD, chronic kidney disease; Nx+2/3EC, left nephrectomy and 2/3 electrocoagulation of the right renal cortex; BW, body weight; BUN,

blood urea nitrogen; SCr, serum creatinine; Ht, hematocrit.
*P < 0.05 versus Cont-4W mice; **P < 0.05 versus Cont-8W mice.
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FIGURE 2: Impaired spatial working memory in the RAWM test in uremic mice 8 weeks after induction of CKD. (A) The numbers of errors
during RAWM test on the fifth day in Cont-4w (white square), CKD-4W (black square), Cont-8W (white circle) and CKD-8W (black circle)
mice are shown, CKD-8W mice made significantly more errors than mice in the other three groups on the last trial (T5). Data are mean = SEM

of eight mice in each group. *P < 0.05 versus the other three groups. (B)
tion in the CKD-8W mice are comparable with those in Cont-8W mice.

A

Hippocampus

FIGURE 3: Light microscopic images of the hippocampal CA3 region.
mouse. (B) Pyknotic neuronal cells in the CA3 region of the hippocamp
bodies. Magnification: x40 (A) and x400 (B).

Prevention of uremia-induced spatial working memory dys-
function by treatment with TMP. To determine the effect
of TMP against the spatial working memory dysfunction
induced by uremia, we administered the RAWM test to mice
(Figure 1). During the memory retention test (T5), the CKD-
Veh mice exhibited more errors compared with the control
mice, and the treatment with TMP significantly decreased the
number of errors to a level similar in control mice (Figure 6).

Prevention of uremia-induced pyknotic changes in neur-
onal cells by TMP treatment. To determine whether TMP
ameliorated neuronal degeneration induced by CKD, we
examined the histological changes of neuronal cells using
H&E-stained brain sections from all mice (Figure 7A). The
number of pyknotic neuronal cells in the CA3 region of the
hippocampus was significantly higher in the CKD-Veh mice
compared with the control mice. Treatment with TMP pro-
tected against the effects of CKD, as there was no significant

Results of the open field activity test are shown. Activity and motor func-
Data are mean * SEM. n.s.: not significant.

(A) Representative image of the entire hippocampus from a CKD-8W
us from a CKD-8W mouse are shown. Arrows: pyknotic neuronal cell

difference in the number of pyknotic neuronal cells among the
control and CKD-TMP mice (Figure 7B).

TMP treatment prevented generation of oxidative DNA
damage. To examine the effect of TMP against oxidative

DNA damage, we performed immunohistochemistry for 8-
OHdG (Figure 8A). Strong 8-OHdG immunoreactivity was
detected in the nuclei of hippocampal neurons in the CKD-
Veh mice. In comparison, nuclei of hippocampal neurons
from the CKD-TMP mice exhibited weak immunoreactivity
for 8-OHdG (Figure 8B, P < 0.05).

DISCUSSION

The present study provided evidence that uremia induces
spatial working memory dysfunction in mice and that oxi-
dative stress is associated with cognitive impairment in the

Cerebraloxidative stressinuremicencephalopathy
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FIGURE 4: Increased number of pyknotic neuronal cells in the hippocampus of uremic mice. (A) Representative microphotographs of the hip-
pocampus from each group are shown. Magnification: x200. (B) Quantitative analysis of pyknotic neurons in the hippocampus is shown. The
number of pyknotic neuronal cells in the hippocampal CA3 is significantly higher in CKD-8W mice than control mice. The ends of the box rep-
resent the upper and lower quartiles; thus the box spans the interquartile range. The median is marked by a vertical line inside the box. The two
lines outside the box that extend to the highest and lowest observations represent the whiskers. *P < 0.05 versus the other three groups.
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FIGURE 5: Increased oxidative DNA dﬂmngf- in the hippnmmplm of nremic mice (A) Renrecentative microphotographs of -OHAG immu-
nostaining in the hippocampal CA3 region of each group are shown. Magnification: x200. (B) Quantitative analysis of 8-OHdG-positive
neurons in the hippocampus is shown. Immunoreactivity for 8-OHdG in hippocampal CA3 is significantly higher in CKD-8W mice than
control mice. The ends of the box represent the upper and lower quartiles; thus the box spans the interquartile range. The median is marked by a
vertical line inside the box. The two lines outside the box that extend to the highest and lowest observations represent the whiskers. *P < 0.05
versus the other 3 groups.

uremic mouse model. To our knowledge, this is the first report
to show that an antioxidant prevents spatial working memory
dysfunction through inhibition of cerebral oxidative stress in
uremic mice.

During uremia, the accumulation of neurotoxic metab-
olites, hormonal disturbances and an imbalance in excitatory
and inhibitory neurotransmitters may be important in the
pathogenesis of uremic encephalopathy [1, 22]. In addition
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Table 2. Characteristics of control and CKD mice for Protocol 2

BW () 28.2 (26.2-29.6)

BUN (mg/dL) 27.2 (22.8-34.5)
SCr (mg/dL) 0.09 (0.04-0.10)
Ht (%) 49.8 (48.5-52.0)

28.0 (26.0-31.0)
27.9 (20.5-35.9)
0.09 (0.08-0.13)
45.8 (43.0-48.5)

D-TMP (

25.7% (24.4-26.1)
75.0* (59.8-93.6)
0.30% (0.25-0.38)
40.5% (35.0-43.0)

26.0 (24.0-28.0)
78.1* (63.1-101.2)
0.29* (0.22-0.39)
39.0* (27.0-42.5)

Data are medians with ranges.

Cont-Veh, sham-operated control mice with drinking water; Cont-TMP, sham-operated control mice with drinking tempol in water; CKD-Veh, CKD-operated mice with drinking
vehicle water; CKD-TMP, CKD-operated mice with drinking tempol solution; CKD, chronic kidney disease; Nx+2/3EC, left nephrectomy and 2/3 electrocoagulation of the right renal

cortex; BW, body weight; BUN, blood urea nitrogen; SCr, serum creatinine; Ht, hematocrit.

*P < 0,05 versus Cont-Veh mice.

7 g~ CKD-Veh
e Cont-Vely

—@— CKD.TMP
o ContTMP

Number of errors

0 T 7 T T T
Ti T2 T3 T4 s

Number of trials

FIGURE 6: Effect of TMP on prevention of uremia-induced spatial
working memory dysfunction. The numbers of errors during RAWM
test on the fifth day in Cont-Veh (white triangle), CKD-Veh (black
triangle), Cont-TMP (white circle) and CKD-TMP (black circle) mice
are shown. The number of errors in CKD-TMP mice is significantly
decreased to levels similar to those observed in control mice, and sig-
nificantly lower than CKD-Veh mice. The ends of the box represent
the upper and lower quartiles; thus the box spans the interquartile
range. The median is marked by a vertical line inside the box. The
two lines outside the box that extend to the highest and lowest obser-
vations represent the whiskers. *P < 0.05 versus the other three
groups.

to these factors, the generation of reactive oxygen species
(ROS) was recently implicated as a primary etiological factor
in uremic encephalopathy [11, 23]. Furthermore, increased
nitric oxide (NO) production in the uremic brain could be
related to increased levels of guanidinosuccinic acid, a uremic
toxin [24]. )
Protocol 1 was designed to establish the long-term effects
of CKD on brain and cognitive dysfunction. A spatial working
memory test was used to measure cognitive function. The
RAWM test examines short-term working memory retention
for the location of a submerged escape platform, the arm
location of which is changed daily. Short-term working
memory is generally the first cognitive function deficit in dis-
orders of cognitive function. The water maze test is considered
particularly appropriate for examining this important initial
cognitive impairment in models of Alzheimer’s disease [25].

The present study demonstrated that in the RAWM test,
uremic mice in the CKD-8W mice could not reach the escape
platform without more errors than the control mice, indicating
uremia-induced spatial working memory dysfunction
(Figure 2A). In this regard, one may argue that impairment in
the RAWM test in uremic mice was attributable to generalized
neuronal depression typically seen in uremia. However, the
open field test did not demonstrate decreased physical per-
formance or activity in these mice, indicating that these results
are valid (Figure 2B). Overall, this study provided clear evi-
dence that chronic uremia caused cognitive dysfunction in the
CKD mouse model. There are limitations to the open field
test. It does not completely exclude physical impairment and
uremia-induced autonomic neuropathy and is influenced by
several factors including general activity, anxiety and explora-
tion [26]. In addition, anemia can impair cognitive function
and motor/movement functions [27].

In the present study, histopathological analysis revealed the
presence of significant differences in the structure of hippo-
campal CA3 neurons in mice with chronic uremia compared
with control mice (Figure 4). Pyknotic neurons were observed
in the hippocampus of CKD-8W mice. Liu ef al. [19] reported
that severe ischemic acute kidney injury induced similar neu-
ropathological changes. Thus, neuropathological lesions of the
hippocampus may cause hippocampal dysfunction. The
present results also demonstrated that the hippocampus was
the only area of the brain where large numbers of pyknotic
neurons were found in CKD-8W mice, and only low numbers
of pyknotic neurons were noted in other areas of the brain
such as the cerebral cortex.

Among various products of oxidative DNA damage, 8-
OHJG is the most important due to its abundance and muta-
genicity. Immunostaining for 8-OHAG showed significantly
higher numbers of 8-OHdG-positive cells in the hippocampus
of CKD-8W mice than control mice and TMP-treated CKD
mice (Figure 8B). Thus, it is suggested that oxidative DNA
damage in neurons might affect cognitive function via
mutation of neural genes in uremic mice.

Palumbo et al. [28] reported that chronic psychosocial
stress-induced ROS in the hippocampus caused morphological
changes in the hippocampal CA3 region and a decline in cog-
nitive function. Thus, chronic stress such as ROS and the con-
sequent oxidative damage may contribute to impaired

Cerebral oxidative stressinuremicencephalopathy 535
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FIGURE 7: Effect of TMP on prevention of uremia-induced pyknotic changes in neuronal cells. (A) Representative microphotographs of the
hippocampal CA3 region from each group are shown. Magnification: x200. (B) Quantitative analysis of pyknotic neurons in the hippocampus is
shown. The number of pyknotic neuronal cells in the hippocampal CA3 is significantly higher in CKD-Veh mice than TMP-treated and control
mice. The ends of the box represent the upper and lower quartiles; thus the box spans the interquartile range. The median is marked by a vertical
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Cont-Veh mice. "P < 0.05 versus CKD-Veh mice.

B 25-
%
g
] 20 1
Q
r T
S E 151
o
-
ZE
22 0]
-
D~
: t
E 51
E

Veh T™MP Veh T™P
Control CKD

FIGURE 8: Effect of TMP on prevention of oxidative DNA damage generation. (A) Representative microphotographs of 8-OHdG immunos-
taining in the hippocampal CA3 region from each group are shown. Magnification: <200, (B) Quantitative analysis of 8-OHdAG-positive iicuions
in the hippocampal CA3 region is shown. 8-OHdAG immunoreactivity in the hippocampal CA3 region is significantly higher in CKD-Veh mice
than TMP-treated CKD mice. The ends of the box represent the upper and lower quartiles; thus the box spans the interquartile range. The
median is marked by a vertical line inside the box. The two lines outside the box that extend to the highest and lowest observations represent the

whiskers. *P < 0.05 versus Cont-Veh mice. TP < 0.05 versus CKD-Veh mice.

cognitive function. A previous study reported that oxidative
stress in the diabetic rat brain caused cognitive dysfunction
and that treatment with an antioxidant agent improved cogni-
tive dysfunction [29].

TMP is a membrane-permeable radical scavenger and readily
crosses the blood-brain barrier [30, 31]. In the present study,
TMP was used to confirm that cognitive dysfunction in uremia
is induced through oxidative stress, as TMP prevented cognitive

RO S
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dysfunction through inhibition of oxidative DNA damage in the
hippocampus without improvement of renal function. Previous
studies demonstrated that TMP decreased oxidative damage in
cerebral mitochondria by targeting upstream peroxynitrite-
derived free radicals, which would be expected to ameliorate Ca®
" overload, reduce calpain-mediated proteolysis and decrease
neurodegeneration in traumatic brain damage [32]. Thus, our
results may be explained by these mechanisms.

Asymmetric  dimethylarginine (ADMA)  derives  from
methylation of arginine residues in proteins. Hydrolysis of
methylated proteins releases ADMA, which competitively inhi-
bits NOS. Patients with end-stage renal disease have high levels
of the endogenous NOS inhibitor ADMA. Dimethylamine di-
methylaminohydrolase , the main enzyme responsible for de-
grading ADMA can be functionally impaired by oxidative stress
[33]. Torre et al. [34] reported that NOS inhibition with L-
NAME decreased spatial memory after common carotid artery
occlusion. ROS cause excitotoxicity by facilitating glutamine
release, which activates NMDA and non-NMDA receptors. This
results in highly increased intracellular Ca®* levels, activation of
neuronal NO synthases, formation of peroxynitrite, protein
nitration and mitochondrial damage, culminating in neuronal
injury [12]. Taken together, our results suggest that TMP, an
antioxidative agent, ameliorated cognitive dysfunction in uremic
mice through the inhibition of oxidative stress. The neural and
cognitive mechanisms of the symptom-reducing and/or recov-
ery-promoting effects of an antioxidative agent in the uremic
brain are currently unclear. The striking improvements observed
in both behavioral and pathological outcomes following long-
term antioxidative agent treatment warrant further analysis.

In conclusion, the present study demonstrated that inhi-
bition of oxidative stress by TMP treatment provided significant
protection against uremia-induced cognitive dysfunction.
Although the precise mechanisms of the symptom-reducing
and/or recovery-promoting effects remain unclear, the striking
improvement of behavioral and pathological outcomes follow-
ing TMP treatment has increased our understanding of the
pathogenesis of uremic encephalopathy. Further investigation is
required to elucidate the precise mechanisms and develop effec-
tive therapies for cognitive dysfunction in patients with CKD.

FUNDING

This work was supported in part by a Grant-in-Aid for Scien-
tific Research from Japan Society for the Promotion of Science
(No. 20590959).

CONFLICT OF INTEREST

Part of this study was presented at the 41st and 42nd Annual
Meetings of the American Society of Nephrology 30 (Philadel-
phia, USA, 2008; San Diego, USA, 2009).

(See related article by Kielstein and Hans-Gert Bernstein. The
reversible part of cognitive impairment in chronic kidney

disease: can mice help men break the TEMPOLimit? Nephrol
Dial Transplant 2014; 29: 476-478.)

REFERENCES

—_

. Brouns R, De Deyn PP. Neurological complications in renal failure: a
review. Clin Neurol Neurosurg 2004; 107: 1-16
. Hailpern SM, Melamed ML, Cohen HW ef al. Moderate chronic kidney
disease and cognitive function in adults 20 to 59 years of age: Third Na-
tional Health and Nutrition Examination Survey (NHANES 1II). ] Am
Soc Nephrol 2007; 18: 2205-2213
3. Kurella M, Chertow GM, Fried LF ef al. Chronic kidney disease and cogni-
tive impairment in the elderly: the health, aging, and body composition
study. ] Am Soc Nephrol 2005; 16: 21272133
. Murray AM, Tupper DE, Knopman DS et al. Cognitive impairment in he-
modialysis patients is common. Neurology 2006; 67: 216-223
5. Seliger SL, Siscovick DS, Stehman-Breen CO ef al. Moderate renal impair-
ment and risk of dementia among older adults: the Cardiovascular Health
Cognition Study. ] Am Soc Nephrol 2004; 15: 1904-1911
6. Schgal AR, Grey SF, DeOreo PB ef al. Prevalence, recognition, and impli-
cations of mental impairment among hemodialysis patients. Am ] Kidney
Dis 1997; 30: 41-49
7. Khatri M, Nickolas T, Moon YP et al. CKD associates with cognitive
decline, ] Am Soc Nephrol 2009; 20: 24272432
8. Row BW, Kheirandish L, Neville JJ ef al. Impaired spatial learning and hy-
peractivity in developing rats exposed to intermittent hypoxia. Pediatr Res
2002; 52: 449-453
9. Christen Y, Oxidative stress and Alzheimer disease. Am | Clin Nutr 2000;
72: 6218-629S
10. Wolf H, Grunwald M, Kruggel F et al. Hippocampal volume discriminates
between normal cognition; questionable and mild dementia in the elderly.
Neurobiol Aging 2001; 22: 177-186
11. Deng G, Vaziri ND, Jabbari B et al. Increased tyrosine nitration of the
brain in chronic renal insufficiency: reversal by antioxidant therapy and
angiotensin-converting enzyme inhibition. ] Am Soc Nephrol 2001; 12:
18921899
12. Vaziri ND, Oxidative stress in uremia: nature, mechanisms, and potential
consequences. Semin Nephrol 2004; 24: 469-473
13. Gagnon RF, Duguid WP. A reproducible model for chronic renal failure in
the mouse. Urol Res 2008; 11: 11-14
14. Boffa JJ, Arendshorst WJ. Maintenance of renal vascular reactivity con-
tributes to acute renal failure during endotoxemic shock. J Am Soc
Nephrol 2005; 16: 117-124
15. Nishiyama A, Yao L, Nagai Y et al. Possible contributions of reactive oxygen
species and mitogen-activated protein kinase to renal injury in aldosterone/
salt-induced hypertensive rats. Hypertension 2004; 43: 841848
16. Arendash GW, King DL, Gordon MN et al. Progressive, age-related behav-
ioral impairments in transgenic mice carrying both mutant amyloid
precursor protein and presenilin-1 transgenes. Brain Res 2001; 891: 42-53
17. Morgan D, Diamond DM, Gottschall PE et al. A B peptide vaccination
prevents memory loss in an animal model of Alzheimer’s disease. Nature
2000; 408: 982-985
18. Gonzalez-Aguilar F, De Robertis E. A formalin-perfusion method for his-
tophysiological study of the central nervous system with the electron
microscopy. Neurology 1963; 13: 758-763
19. Liu M, Liang Y, Chigurupati S et al. Acute kidney injury leads to inflam-
mation and functional changes in the brain. ] Am Soc Nephrol 2008; 19:
1360-1370
20. Tsuruya K, Ninomiya T, Tokumoto M et al. Direct involvement of the re-
ceptor-mediated apoptotic pathways in cisplatin-induced renal tubular
cell death. Kidney Int 2003; 63: 72-82
21. Qu B, Boyer PJ, Johnston SA et al. Abeta42 gene vaccination reduces brain
amyloid plaque burden in transgenic mice. ] Neurol Sci 2006; 244:
151-158
22. De Deyn PP, D’Hooge R, Van Bogaert PP et al. Endogenous guanidino
compounds as uremic neurotoxins. Kidney Int Suppl 2001; 78: S77-583

b

P

Cerebraloxidative stressinuremicencephalopathy 537

— 346 —

11y woy paprojumo]

#10T ‘¢ 1snSny uo Qisatu T



23. Ye S, Nosrati S, Campese VM. Nitric oxide modulates the neurogenic control
of blood pressure in rats with chronic renal failure. J Clin Invest 1997; 99:
540-548

24. Aoyagi K, Akiyama K, Shahrzad S et al. Formation of guanidinosuccinic
acid, a stable nitric oxide mimic, from argininosuccinic acid and nitric
oxide-derived free radicals. Free Radic Res 1999; 31: 59-65

25. Chen G, Chen KS, Knox J et al. Morris, R. G. A learning deficit related to
age and beta-amyloid plaques in a mouse model of Alzheimer’s disease.
Nature 2000; 408: 975-979

26. Arakawa H. Age dependent effects of space limitation and social tension
on open-field behavior in male rats. Physiol Behav 2005; 84: 429-436

27. Li M, Bertout JA, Ratcliffe S] et al. Acute anemia elicits cognitive dysfunc-
tion and evidence of cerebral cellular hypoxia in older rats with systemic
hypertension. Anesthesiology 2010; 113: 845-858

28. Palumbo ML, Fosser NS, Rios H et al. Loss of hippocampal neuronal
nitric oxide synthase contributes to the stress-related deficit in learning
and memory. ] Neurochem 2007; 102: 261-274

29. Kuhad A, Chopra K. Effect of sesamol on diabetes-associated cognitive
decline in rats. Exp Brain Res 2008; 185: 411-420

30. Liang Q, Smith AD, Pan § et al. Neuroprotective effects of TEMPOL in
central and peripheral nervous system models of Parkinson’s disease.
Biochem Pharmacol 2005; 70: 1371-1381

31. Daumas S, Halley H, Francés B et al. Encoding, consolidation, and retrie-
val of contextual memory: differential involvement of dorsal CA3 and
CAL1 hippocampal subregions. Learn Mem 2005; 12: 375-382

32. Deng-Bryant Y, Singh IN, Carrico KM et al. Neuroprotective effects of
temnpol, a catalytic scavenger of peroxynitrite-derived free radicals, in a mouse
traumatic brain injury model. ] Cereb Blood Flow Metab 2008; 28: 1114-1126

33. Kielstein JT, Zoccali C. Asymmetric dimethylarginine: a novel marker of
risk and a potential target for therapy in chronic kidney disease. Curr
Opin Nephrol Hypertens 2008; 17: 609-615

34. dela Torre JC, Aliev G. Inhibition of vascular nitric oxide after rat chronic
brain hypoperfusion: spatial memory and immunocytochemical changes.
] Cereb Blood Flow Metab 2005; 25: 663-672

Received for publication: 27.12.2012; Accepted in revised form: 25.6.2013

Nephrol Dial Transplant (2014) 29: 538-543
doi: 10.1093/ndt/gft439
Advance Access publication 28 October 2013

Role of PCSK9 and IDOL in the pathogenesis of acquired LDL
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 ABSTRACT

Background. Nephrotic syndrome (NS) leads to elevation of
serum total and LDL cholesterol. This is largely due to impaired
LDL clearance, which is caused by hepatic LDL receptor
(LDLR) deficiency despite normal LDLR mRNA expression,
pointing to a post-transcriptional process. The mechanism(s)
by which NS causes LDLR deficiency is not known. By promot-
ing degradation of LDLR, Proprotein Convertase Subtilisin/
Kexin type 9 (PCSK9) and inducible degrader of the LDL recep-
tor (IDOL) play a major role in post-translational regulation of
LDLR. We, therefore, tested the hypothesis that LDLR
deficiency despite its normal gene expression in NS may be due
to upregulation of hepatic PCSK9 and IDOL.

Methods. LDLR, IDOL and PCSK9 expressions and nuclear
translocation of liver X receptor (LXR) that regulates IDOL

© The Author 2013. Published by Oxford University Press 538
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expression were determined in the liver of rats with puromy-
cin-induced NS and control (CTL) rats.

Results. Compared with the CTLs, the NS rats showed
marked elevation of serum total and LDL cholesterol and a
significant reduction in hepatic LDLR protein expression.
This was accompanied by marked upregulation of hepatic
PCSK9 and IDOL expressions and heightened LXR acti-
vation,

Conclusions. LDLR deficiency, hypercholesterolemia and
elevated plasma LDL in NS are associated with upregulation
of PCSK9 and IDOL. Interventions targeting these pathways
may be effective in the management of hypercholesterolemia

and the associated cardiovascular and other complications of
NS.

Keywords: atherosclerosis, lipid disorders, liver X receptor,
lipid disorders, proteinuria
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Sex differences in the association between serum uric
acid levels and cardiac hypertrophy in patients with

chronic kidney disease

Ryota Yoshitomi!, Akiko Fukui?, Masaru Nakayama?, Yoriko Ura?, Hirofumi Ikeda?, Hideyuki Oniki’,

Takuya Tsuchihashi®, Kazuhiko Tsuruya' and Takanari Kitazono

i

Several studies have documented an association between serum uric acid (SUA) concentration and cardiac hypertrophy in
hypertensive patients; however, the association remains unclear in chronic kidney disease (CKD) patients. If there is an
association between SUA and hypertrophy in these patients, it is unknown whether the association is different between men
and women. Our aim in this study is to determine whether SUA is associated with cardiac hypertrophy in CKD patients,
focusing on any sex differences. Two hundred sixteen CKD patients (117 men and 99 women) were enrolled in this cross-
sectional study. Patients prescribed uric acid-lowering agents and those with congestive heart failure, valvular heart disease, or
ischemic heart disease were excluded from this study. Left ventricular mass index (LVMI) and left ventricular hypertrophy (LVH)
were assessed using echocardiography. The prevalence of LVH was 58% in men and 47% in women. In multivariate linear
regression analysis, SUA levels did not correlate with LVYMI in men, whereas SUA was independently associated with LVMI in
women (f=0.27, P=0.02). Multivariate logistic regression analysis also revealed that diabetes mellitus (odds ratio (OR),
4.41; P=0.01) was associated with LVH in men, whereas age (OR, 1.13; P<0.01), hypertension (OR, 7.38; P=0.03) and
SUA (OR, 1.91; P=0.03) were associated with LVH in women. In female CKD patients, SUA levels were associated with LVMI
and LVH, whereas there was no association in male patients. These observations suggest that an association between SUA
levels and the development of cardiac hypertrophy is more likely in women than in men.

Hypertension Research (2014) 37, 246-252; doi:10.1038/hr.2013.134; published online 3 October 2013
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INTRODUCTION
Patients with chronic kidney disease (CKD) have high cardiovas-
cular (CV) morbidity and mortality, and the presence of CKD
worsens CV disease outcomes.! Cardiac hypertrophy, that is, left
ventricular hypertrophy (LVH) or increased left ventricular mass
index (LVMI), is known to be a powerful, independent risk factor
for future CV morbidity and mortality in patients with essential
hypertension, as well as in the general population.”” The
prevalence of cardiac hypertrophy increases with declining renal
function in CKD patients not undergoing dialysis and cardiac
hypertrophy is independently associated with adverse CV events in
these patients."!> Thus, cardiac hypertrophy may be a major
adverse CV consequence of CKD.

Several epidemiologic studies have suggested a positive association
between serum uric acid (SUA) levels and CV disease in the
general population,'*!'7 in hypertensive patients'®!® and in CKD

patients.”®?! It has also been reported that higher SUA levels are
associated with cardiac hypertrophy in hypertensive patients.??-%¢ As
approximately two-thirds of SUA is excreted through the kidneys,
CKD patients develop hyperuricemia as the glomerular filtration rate
declines.?” It has been reported that high SUA is associated with
cardiac hypertrophy in renal transplant recipients,®® but very few
studies have examined the relationship between SUA levels and
cardiac hypertrophy in CKD patients.”” Moreover, studies of sex
differences in the relationship between SUA levels and CV disease are
conflicting. Some studies have shown that SUA levels correlate
significantly with cardiac hypertrophy only in female hypertensive
patients,”>* whereas another report found a significant association
between SUA and cardiac hypertrophy only in male hypertensive
patients.2% To date, there have been no studies of sex differences in the
relationship between SUA and cardiac hypertrophy in CKD patients.
Thus, we aimed to elucidate the association between SUA levels and
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cardiac hypertrophy in patients with CKD, focusing especially on the
sex differences in this association.

METHODS

In this cross-sectional study, we enrolled 216 patients with CKD not on
dialysis, who were admitted to our hospital for evaluation and education of
CKD. Patients prescribed uric acid-lowering agents and those with congestive
heart failure, valvular heart disease, ischemic heart disease or local asynergy on
echocardiogram were excluded from this study.

All patients provided written informed consent to the protocol, which was
approved by the Ethics Committee of the National Kyushu Medical Center
Hospital. Blood samples were obtained from admitted patients in the early
morning after an overnight fast for measurement of serum creatinine (SCr),
C-reactive protein, hemoglobin (Hb), SUA and serum phosphorus levels. Daily
proteinuria was also measured. The estimated glomerular filtration rate (eGFR;
mlmin™' per 1.73m?) was calculated using the Modification of the Diet in
Renal Disease equation for Japanese patients: 194 x SCr~!0% x age —0-287
% 0.739 (if female).’

All enrolled patients were interviewed and clinically examined at presenta-
tion. Their medical histories and outpatient records were also evaluated in
detail. Demographic information (age and sex), medication history, and
atherosclerotic risk factors (hypertension, history of smoking, dyslipidemia
and diabetes mellitus) at presentation were recorded for each patient.
Hypertension was defined as systolic blood pressure > 140 mm Hg or diastolic
blood pressure >90mmHg, or use of antihypertensive drugs. Dyslipidemia
was defined as plasma triglycerides >150mgdl™!, plasma low-density lipo-
protein cholesterol > 140 mgdl™!, plasma high-density lipoprotein cholesterol
<40mgdl™ or the use of lipid-lowering drugs based on a history of
dyslipidemia. Diabetes mellitus was defined as previous or current plasma
fasting glucose >126 mgdl™! or the use of hypoglycemic agents. Cigarette
smoking was evaluated as current or past. Body mass index was calculated as
weight in kg divided by height in m? Blood pressure was measured at three
separate times on the second day of hospitalization, with patients in a sitting
position. The average of the three readings was recorded.

Left ventricular mass (LVM) was calculated from M-mode records taken on
parasternal long-axis images, according to the following formula (derived by
Reichek and Devereux®!): LVM = 1.04([IVSd + LVPWd + LVDd]* —~LVDd?)
—13.6, where IVSd and LVPWd are the thickness of the interventricular
septum and of the posterior wall of the left ventricle (LV) in
diastole, respectively, and LVDd is the diameter of the LV in diastole.
LVMI was expressed as LVM per square meter of body surface area,
calculated by the Du Bois formula®® body surface area
= weight®#?% x height®7?> x 0.007184.

We defined LVH as LVMI of 134 g m™ or greater for males and 110 gm™ or
greater for females.’? Percent fractional shortening was calculated as (LVDd-
LVDs)/LVDd x 100.

Statistical analysis

Continuous data are expressed as either the mean*sd. or the median
(interquartile range), depending on their distribution. Categorical data are
expressed as numbers (with %). The significance of differences between female
<45 years old and >45 years old was examined using the y>-test for
categorical data, the Wilcoxon rank sum test for nonparametric data and the
unpaired Student’s t-test for parametric data. Correlation coefficients were
calculated according to Pearson’s method.

Demographic, traditional, and non-traditional risk factors, serological data,
LVM], and the prevalence of LVH were compared across quartiles of SUA levels
using the y’-test for categorical data, analysis of variance for continuous
variables that are approximately normally distributed, and the Kruskal-Wallis
test for skewed continuous variables analysis, followed by the Dunnett’s test. A
linear regression analysis was performed to elucidate the associations between
LVMI and traditional and non-traditional risk factors. Covariates associated
with LVMI in univariate analysis were analyzed by multivariate analysis to
determine the independent risk factors for LVMI. A logistic regression model
was also applied to elucidate the traditional and nontraditional risk factors
associated with LVH. Covariates associated with LVH that were significant in
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univariate analysis were selected as risk factors in multivariate analysis. The
odds ratio and the 95% confidence interval were calculated for each variable.
Data were analyzed using the JMP9 statistical package (SAS Institute, Cary,
NC, USA). A P-value below 0.05 indicated a significant difference.

RESULTS

The median age of the 216 patients (117 men and 99 women) in this
study was 61 years (range, 30-75 years). The primary causes of renal
disease were chronic glomerulonephritis (44%, 95 patients), diabetic
nephropathy (30%, 65 patients), hypertensive nephrosclerosis (15%,
32 patients), other defined causes (8%, 17 patients) and unknown
(3%, 7 patients).

The clinical characteristics of the patients according to CKD stage
are summarized in Table 1. The prevalence of hypertension, diabetes
mellitus, smoking and dyslipidemia was significantly higher with
advancing CKD stages. In addition, 121 patients (56%) had been
treated with angiotensin-converting enzyme inhibitors (ACEIs) and/
or angiotensin II receptor blockers (ARBs), and this percentage was
higher in advanced CKD stages. The percentage of patients receiving
diuretics was also higher in more advanced CKD stages. Daily
proteinuria in patients with CKD stages 4 and 5 was significantly
higher than in patients with CKD stages 1 and 2. As kidney function
declined, Hb levels decreased significantly, whereas SUA levels
significantly increased in both sexes. LVMI was higher in more
advanced CKD stages in both sexes. LVH was found in 53% of all
subjects, with a significantly higher prevalence as kidney function
decreased.

The study population was divided into quartiles by SUA level for
each sex, as shown in Table 2a (men) and Table 2b (women). Among
the male patients, the prevalence of hypertension was significantly
higher with ascending SUA quartiles. No difference in systolic or
diastolic blood pressure was found across quartiles. The eGFR values
of patients in the second to fourth quartiles were significantly lower
than those of patients in the first quartile. Figure 1 shows LVMI and
prevalence of LVH according to quartiles of SUA in men. LVMI values
were higher in fourth quartile patients than in first quartile patients.
The prevalence of LVH did not increase significantly with ascending
quartiles.

Among the female patients, patients in the fourth quartile had a
higher median age than did those in the first quartile. The prevalence
of hypertension and diabetes mellitus increased significantly with
ascending quartiles. Patients in the third and fourth quartiles had
significantly higher systolic blood pressure than those in the first
quartile. The prevalence of ACEIs and/or ARBs and diuretic use was
significantly higher with ascending quartiles. Patients in the second
and fourth quartiles had significantly lower Hb compared with those
in the first quartile. Patients in the third and fourth quartiles had
significantly lower eGFR compared with those in the first quartile. As
shown in Figure 2, LVMI was significantly higher in patients in the
third and fourth quartiles than in those in the first quartile and the
prevalence of LVH increased significantly with ascending quartiles.
Table 3 shows the demographics, comorbidities, laboratory data and
cardiac hypertrophy indices for females <45 years of age and for
those >45 years of age. Female subjects >45 years of age had
significantly higher SUA and LVMI values, and a higher prevalence of
LVH than did younger women. In addition, eGFR values in female
subjects >45 years of age were significantly lower than in those <45
years of age.

Figure 3 shows the relationship between SUA and LVMI in men
and women. In both sexes, LVMI was positively correlated with SUA
levels (R?=0.06, P<0.01 in men; R*=0.28, P<0.01 in women).
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Table 1 Clinical characteristics of patients according to chronic kidney disease stage

All (n=216) CKD stages 1-2 (n=58) CKD stage 3 (n=71) CKD stage 4 (n=46) CKD stage 5 (n=41) P-values
Age 61 (49-70) 48 (40-59) 64 (51-72)* 64 (60-70)* 64 (57-73)* <0.01
Male 117 (54) 23 (40) 44 (62) 24 (52) 26 (63) 0.04
Hypertension 167 (73) 20 (34) 54 (76) 44 (96) 39 (95) <0.01
SBP (mmHg) 134420 119414 134421 136+ 16" 151+ 16* <0.01
DBP (mm Hg) 76411 72+10 76+ 11 76+12 80+ 10% <0.01
Diabetes mellitus 86 (40) 4(7) 32 (45) 25 (54) 25(61) =0.01
Smoking 102 (47) 19 (33) 35 (49) 23 (50) 25(61) 0.04
Dyslipidemia 144 (67) 30 (52) 51 (72) 32 (70) 31(76) 0.04
ACEls and/or ARBs 121 (56) 12 (21) 45 (63) 35 (76) 29 (71 <0.01
Diuretics 51 (24) 2(3) 17 (24) 13 (28) 19 (24) <0.01
Body mass index (kg m?) 22.1(20.1-25.1) 22,2 (19.9-24.4) 22.0(20.5-24.7) 22.8(20.2-26.1) 22.0(20.7-24.1) 0.88
Proteinuria (gday™1) 1.3 (0.5-3.7) 0.7 (0.3-1.6) 1.5(0.2-4.1) 1.2 (0.4-4.7y 2.6 (1.1-5.3) <0.01
Serum albumin (gdi-1) 3.5(2.9-3.9 3.7 (3.3-3.9) 3.5 (2.8-4.0) 3.5(3.0-3.9) 3.1 (2.5-3.7) 0.03
C-reactive protein (mgdi-!) 0.07 (0.03-0.15) 0.06 (0.03-0.13) 0.06 (0.02-0.12) 0.09 (0.04-0.31) 0.06 (0.03-0.15) 0.07
Hb (gdi™) 11.4+2.3 13.1+£1.7 11.841.9% 10.7+2.1* 9.1+1.6% <0.01
Serum phosphorus (mgdi™!) 3.6 (3.3-4.1) 3.4 (3.2-3.7) 3.5(3.1-3.9) 3.8 (3.5-4.2) 4.7 (4.0-5.3)* <0.01
Serum uric acid (mgdl!) (males) 7.1+1.5 6.0£1.0 7.0+1.5% 7.6+1.5% 7.9+1.4% <0.01
Serum uric acid (mgdl™!) (females) 6.3+1.8 50+1.1 6.0+ 1.3% 7.5+1.8% 8.0£1.7% <0.01
Fractional shortening (%) 4046 4145 3915 3945 3946 0.11
LVEF (%) 7047 7246 70+7 69%7 68 % 7% 0.03
LVMI (gm™?) (males) 143 (118-168) 112 (82-125) 140 (121-167)* 150 (108-178)* 159 (144-197) <0.01
LVMI (gm?) (females) 104 (86-137) 87 (78-102) 99 (84-125) 126 (104-149) 146 (135-165)* <0.01
LYH 115 (563) 11(19) 38 (54) 30 (65) 36 (88) <0.01

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin |l receptor blockers; CKD, chronic kidney disease; DBP, diastolic blood pressure; Hb, hemoglobin; LVEF, left
ventricular ejection fraction; LVH, left ventricular hypertrophy; LVMI, left ventricular mass index; SBP, systolic blood pressure.
Values are expressed as the mean *s.d., number {percent) or median (interquartile range).

"P=0.01, **P<0.05 vs. CKD sltages 1-2.

Table 2a Clinical characteristics of male patients according to quartile of SUA

st Quartile (n=29)

2nd Quartile (n = 29)

3rd Quartile (n = 30)

Ath Quartile (n= 29)

All (n=117) (SUA, 3.7-6.1mgdly  (SUA, 6.2-7.1mgadl!) (SUA, 7.2-8.0mgdl!) (SUA, 8.1-11.9mgdl!)  P-values
Age 61 (51-70) 57 (44-66) 62 (52-71) 63 (53-73) 61 (55-70) 0.10
Hypertension 96 (82) 19 (66) 23 (79) 25 (83) 29 (100) <0.01
SBP (mmHg) 138+21 134+£20 138+21 135423 14616 0.06
DBP (mmHg) 77+11 75+9 77+11 77+12 80+10 0.31
Diabetes mellitus 58 (50) 14 (48) 16 (55) 15 (50) 13 (45) 0.89
Smoking 84 (72) 19 (66) 23(79) 20 (67) 22 (76) 0.57
Dyslipidemia 83 (71) 21 (72) 22 (76) 18 (60) 22 (76) 0.50
ACEls and/or ARBs 77 (66) 16 (55) 21 (72) 19 (63) 21(72) 0.45
Diuretics 29 (25) 5(17) 7 (24) 8 (27) 9 (31) 0.66
Body mass index (kgm2) 22.3(20.8-25.7) 21.4 (19.7-23.1) 23.1(21.1-27.4) 22.5(20.5-26.4) 22.9 (21.4-25.8) 0.14
Proteinuria (gday™!) 1.9(0.7-4.9) 2.2 (0.7-5.7) 1.6 (0.3-5.0) 1.6 {1.0-4.3) 2.2 (1.0-5.1) 0.56
Serum albumin (gdi-!) 3.5(2.6-3.9) 3.6 (2.6-4.1) 3.7 (2.9-4.0) 3.3 (2.8-3.8) 3.4 (2.5-3.9) 0.77
C-reactive protein (mgdi-1) 0.08 (0.04-0.17) 0.05 (0.03-0.13) 0.08 (0.05-0.17) 0.09 {0.03-0.23) 0.09 (0.05-0.27) 0.34
Hb (gdI*) 11.8+25 12.8+2.6 11.9+2.4 11.3+2.3 11.1+2.5%* 0.03
eGFR (mImin! per 1.73m2)  34.7 (17.0-57.2) 59.0 (33.7-80.8) 38.9 (24.5-58.7)* 25.0 (13.7-43.1)* 17.5(11.8-34.7)* <0.01
Serum phosphorus (mgdI-1) 3,5(3.2-4.1) 3.3(3.1-3.7) 3.4 (3.1-3.8) 3.5 (3.2-4.1) 4.0 (3.4-4.5)* 0.01
Fractional shortening (%) 396 39+6 39+6 39+5 39+6 0.96
LVEF (%) 69+7 69+6 68+7 6916 687 0.97

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin 1} receptor blockers; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; Hb, hemoglobin;

LVEF, left ventricular ejection fraction; SBP, systolic blood pressure; SUA, serum uric acid.
Values are expressed as the means xs.d., number (percent) or median (interquartile range).

*P<0.01, **P<0.05 vs. first quartile of SUA.

Table 4 shows the relationship between clinical parameters and LVMI

and/or ARBs, use of diuretics, proteinuria, serum albumin, Hb, serum

in each sex. In men, univariate linear regression analysis demonstrated ~ phosphorus, eGFR and SUA were associated with LVMI. Multivariate

that age, hypertension, diabetes mellitus, dyslipidemia, use of ACEIs
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Ist Quartile (n=23)

2nd Quartile (n = 26)

3rd Quartile (n=23)

4th Quartile (n=27)

All (n=99) (SUA, 2.7-4.9mgdrrY)  (SUA, 5.0-6.0mgdi!) (SUA, 6.1-7.2mgdlrl) (SUA, 7.3-11.7mgdr)  P-values
Age 60 (46-69) 53 (42-65) 54 (40-67) 64 (50-71) 67 (58-71)** 0.01
Hypertension 61 (62) 7 (30) 11 (42) 18 (78) 25 (93) <0.01
SBP (mmHg) 128+ 19 122+16 119£16 136+ 19** 136 £17** <0.01
DBP (mm Hg) 74+11 73+9 71+10 74+13 77+10 0.21
Diabetes mellitus 28 (28) 3(13) 5 (19) 9 (39) 11 (40) 0.07
Smoking 18 (18) 3(13) 5 (19) 8 (35) 2(7) 0.08
Dyslipidemia 61 (62) 12 (52) 14 (54) 16 (70) 19 (70) 0.39
ACEls and/or ARBs 44 (44) 4(17) 9 (35) 13 (57) 18 (67) <0.01
Diuretics 22 (22) 1(4) 3(12) 7 (30) 11 (40) <0.01
Body mass index (kg m™2) 21.8(19.9-24.2) 21.0 (19.4-23.1) 21.3(19.5-22.9) 21.9 (20.0-25.4) 23.0 (20.9-26.7) 0.17
Proteinuria (gday™!) 1.0 (0.4-1.9) 1.1 (0.2-1.6) 0.7 (0.3-2.2) 1.4 (0.6-3.6) 1.1 (0.4-1.8) 0.41
Serum albumin (gdi-1) 3.5(3.1-3.9) 3.5 (3.0-3.9) 3.4 (3.0-3.6) 3.7 (3.1-3.9) 3.7 (3.34.1) 0.07
C-reactive protein (mgdI-1) 0.06 (0.03-0.13) 0.08 (0.04-0.20) 0.05 (0.02-0.09) 0.04 (0.03-0.07) 0.07 (0.03-0.19) 0.22
Hb (gdI™h) 11.0£1.9 12.2+1.3 10.6+1.8%* 11.0+2.2 10.3£1.8* <0.01
eGFR (mimin! per 1.73m?)  42.7 (21.1-74.4) 74.0 (52.6-91.2) 60.5 (33.9-80.2) 39.2 (18.1-61.0)* 17.0 (13.2-38.2)* <0.01
Serum phosphorus (mgdi=1) 3.8 (3.4-4.1) 3.4 (3.1-3.6) 3.8 (3.4-4.1) 3.8 (3.5-4.1) 4.2 (3.8-4.8)* <0.01
Fractional shortening (%) 41+5 40+5 40+5 42+£5 41+6 0.68
LVEF (%) 71+6 71+6 717 72t6 71+7 0.93

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin || receptor blockers; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; Hb, hemoglobin;
LVEF, left ventricular ejection fraction; SBP, systolic blood pressure; SUA, serum uric acid.
Values are expressed as the means £ s.d., number (percent), or median (interquartile range).

*P<0.05, **P<0.01 vs. first quartile of SUA.
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Figure 1 Box-and-whisker plot of left ventricular mass index (LVMI) and the prevalence of left ventricular hypertrophy (LVH) according to quartile of serum
uric acid in men. The box represents the 25th, 50th and 75th percentiles; the line inside the box represents the median. *P<0.01 vs. quartile 1.
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Figure 2 Box-and-whisker plot of left ventricular mass index (LVMI) and the prevalence of left ventricular hypertrophy (LVH) according to quartile of serum
uric acid in women. The box represents the 25th, 50th and 75th percentiles; the line inside the box represents the median. *P<0.01 vs. quartile 1.

associated with LVMI. In women, multivariate linear regression
analysis demonstrated that age, hypertension and SUA were indepen-

dent variables associated with LVMI.

We analyzed the risk factors for LVH for each sex using a logistic
regression model, as shown in Table 5. In men, univariate regression

analysis showed that age, hypertension, diabetes mellitus, use of
ACEIs and/or ARBs, use of diuretics, proteinuria, serum albumin, Hb,

serum phosphorus, eGFR and SUA were associated with LVH. In

multivariate analysis, only diabetes mellitus, but not SUA and the
other variables, was independently associated with LVH. In women,
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multivariate analysis showed that age, hypertension and SUA were
independently associated with LVH.

DISCUSSION

We observed a high prevalence of cardiac hypertrophy among CKD
patients in this study compared with a previous report showing LVH
prevalence ranging from 36 to 41% among hypertensive patients.™
The prevalence of cardiac hypertrophy was significantly higher with
advancing CKD stage. In women, LVMI and the prevalence of LVH
were significantly higher with ascending quartiles by SUA level. When
male and female subjects were analyzed separately by multivariate
analysis, elevated SUA levels were identified as an independent risk
factor for both LVH and LVMI in females, whereas in males there was

Table 3 Clinical characteristics of female patients <45 years old
and =45 years old

<45 (n=21) 245 = 78) P-values
Age 39 (35-42) 65 (56-71) <0.01
Hypertension 5(24) 56 (72) <0.01
SBP (mmHg) 116414 132418 <0.01
DBP (mm Hg) 73+11 74+11 0.70
Diabetes mellitus 1.(5) 27 (35) <0.01
Smoking 1(5) 17 (22) 0.04
Dyslipidermnia 6 (29) 55 (71) <0.01
ACEls and/or ARBs 6 (29) 38 (49) 0.09
Diuretics 00 22 (28) <0.01
Body mass index (kgm2) 20.7 (19.3-23.5) 21.9(20.1-24.6) 0.20
Proteinuria (gday™!) 0.8 (0.3-1.7) 1.1(0.4-2.2) 0.27
Serum albumin (gdl) 3.6 (3.3-3.8) 3.5(3.1-3.9) 0.68
C-reactive protein (mgdi-1) 0.06 (0.03-0.09) 0.06 (0.03-0.14) 0.79
Hb (gdI*) 11.3+1.7 10.9+1.9 0.45
eGFR (mimin~! per 1.73m?) 74,0 (43.7-85.2) 36.7 (17.4-61.2) <0.01
Serum phosphorus (mgdi~!) 3.5 (3.3-3.9) 3.9 (3.5-4.2) 0.07
SUA (mgdI™!) 5.1 (4.2-5.5) 6.4 (5.4-7.5) <0.01
Fractional shortening (%) 39+6 41+5 0.24
LVEF (%) 70+6 72%6 0.33
LVMI (gm2) 82 (71-92) 119 (93-144) <0.01
LVH 2 (10) 45 (58) <0.01

Abbreviations: ACEls, angictensin-converting enzyme inhibitors; ARBs, angiotensin 1l receptor
blockers; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate;

Hb, hemoglobin; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy;
LVMI, left ventricular mass index; SBP, systolic blood pressure; SUA, serum uric acid.

Values are expressed as the means £ s.d., number (percent), or median (interquartile range).
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no significant relationship between SUA levels and cardiac
hypertrophy.

This study did not clarify the mechanisms by which increased SUA
levels caused cardiac hypertrophy. The role of SUA in the development
of CV complications has not been fully investigated; however, some
potential mechanisms have been proposed. It has been demonstrated
that SUA impairs nitric oxide generation and induces endothelial
dysfunction and smooth muscle cell proliferation.”* It is also
reported that SUA increases plasma levels of inflammatory
mediators such as tumor necrosis factor alpha,”” and potentially
stimulates mitogen-activated protein kinases,” which are known to
induce cardiac hypertrophy.’% Mareover, uric acid appears to
activate the renin-angiotensin system, thereby leading to the devel-
opment of LVH. ' Given these findings, cardiac hypertrophy may be
directly attributable, at least in part, to increased SUA, via stimulation
of endothelial dysfunction, smooth muscle cell proliferation,
inflammation and activation of the renin-angiotensin system.

A recent study demonstrated that SUA levels were independently
associated with CV morbidity, and that this association was stronger
for patients in more advanced CKD stages.”” In another recent study,
an increased ratio of observed to predicted LVM was shown to be
independently related to adverse CV events in patients with CKD
stages 3-5.!1 Another report demonstrated that the combination of
hyperuricemia with LVH is a powerful independent predictor for CV
disease. The authors of that report speculated that the association
between SUA and CV events in hypertensive patients might result
from a direct association between SUA and LVML* Allopurinol has
been found to decrease oxidative stress and to improve endothelial
function in metabolic syndrome.** On the basis of these findings,
SUA appears to contribute to the development of cardiac hypertrophy
and CV events.

The sex-related effects of SUA on CV disease and cardiac
hypertrophy are conflicting. This study demonstrated an association
between SUA and cardiac hypertrophy only in female subjects. This
finding agrees with previous observations in hypertensive
patients.”»** Furthermore, the First National Health and Nutrition
Examination Survey epidemiologic follow-up studies demonstrated a
relationship between SUA and mortality (all-causes and due to CV
events) only in women,!” and found that the association between SUA
and CV mortality was stronger in women than in men.!* Given these
findings, the influence of SUA on CV disease appears to be greater in
women than in men. Although the reasons for these sex differences
remain unclear, sex hormones may have a role.* This study found

that female subjects =45 years of age, who may be post-menopausal,
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Figure 3 Relationship between serum uric acid and left ventricular mass index (LVMI) in men and women. A full color version of this figure is available at

the Hypertension Research journal online.
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Table 4 Relationship by sex between left ventricular mass index and clinical parameters

Men Women
Univariate Multivariate Univariate Multivariate

Variables B P-values B P-values B P-values B P-values
Age (years) 0.27 <0.01 0.20 0.06 0.42 <0.01 0.21 0.02
Hypertension 0.39 <0.01 0.13 0.25 0.61 <0.01 0.26 0.03
Diabetes mellitus 0.32 <0.01 0.07 0.52 0.44 <0.01 0.08 0.43
Smoking 0.15 0.10 0.17 0.09

Dyslipidemia 0.20 0.03 -0.05 0.57 0.15 0.13

ACEls and/or ARBs 0.33 <0.01 -0.004 0.97 0.44 <0.01 0.08 0.42
Diuretics 0.37 <0.01 0.24 0.02 0.36 <0.01 0.01 0.92
Body mass index (kgm™2) 0.09 0.35 0.20 0.05

Proteinuria (gday™1) 0.20 0.03 0.02 0.89 0.26 <0.01 0.15 0.08
Serum albumin (gdi-1) -0.25 <0.01 0.05 0.72 -0.06 0.52

C-reactive protein (mgdI-1) 0.04 0.66 0.07 0.52

Hb (gdi™h) -0.39 <0.01 0.03 0.84 -0.40 <0.01 -0.09 0.38
Serum phosphorus (mgdi-!) 0.36 <0.01 0.18 0.11 0.32 <0.01 0.03 0.77
eGFR (mImin-1 per 1.73m32) -0.45 <0.01 -0.14 0.34 -0.47 <0.01 0.05 0.66
Serum uric acid (mgdi-1) 0.25 <0.01 0.03 0.78 0.53 <0.01 0.27 0.02

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin !l receptor blockers; eGFR, estimated glomerular filtration rate; Hb, hemoglobin.

Table 5 ORs by sex for left ventricular hypertrophy

Men Women
Univariate Multivariate Univariate Multivariate
Variables OR 95% ClI P-values  OR 95% ClI P-values OR 95% Cl P-values  OR 95% Cl P-values
Age (years) 1.04 1.01-1.07 0.01 1.03 0.98-1.10 0.22 1.11  1.06-1.16 <0.01 1.13 1.06-1.23 <0.01
Hypertension 209 5.59-1365 <0.01 584 0.97-50.07 0.054 30.2 9.34-1374 <001 7.38 1.20-57.37 0.03
Diabetes mellitus 9.36 4.06-23.3 <0.01 4.43 1.39-15.42 0.01 6.75 2.55-20.3 <0.01 1.42 0.26-8.39 0.68
Smoking 1.45 0.64-3.29 0.37 2.63 0.93-8.20 0.07
Dyslipidemia 2.24 0.999-5.11 0.05 2.42 1.06-5.73 0.04 0.72 0.15-3.09 0.66
ACEls and/or ARBs 6.22 2.74-1489 <0.01 134 0.41-4.33 0.62 7.11 3.00-17.93 <0.01 392 0.87-20.25 0.07
Diuretics 9.49 3.06-41.85 <0.01 3.11 0.71-17.34 0.14 5.33 1.89-1760 <«<0.01 0.81 0.13-4.89 0.82
Body mass index (kgm2) 0.98 0.89-1.08 0.70 1.10 0.99-1.22 0.07
Proteinuria (gday™!) 1.29 1.11-1.54 <0.01 097 0.75-1.28 0.83 1.21  0.99-1.53 0.06
Serum albumin 0.33 0.18-0.57 <0.01 074 0.25-2.16 0.59 0.91 0.52-1.60 0.75
C-reactive protein (mgdl-1) 0.70 0.23-1.93 0.48 2.06 0.91-12.4 0.09
Hb (gdl™h) 0.67 0.55-0.80 <0.01 0.96 0.70-1.33 0.81 0.66 0.51-0.83 <0.01 077 0.48-1.22 0.12
Serum phosphorus (mgdI-1) 2.88 1.57-5.82 <0.01 1.46 0.59-4.00 0.43 3.05 1.56-6.83 <0.01 1.36 0.41-551 0.28
eGFR (mimin~! per 1.73m2)  0.96 0.94-0.98 <0.01 1.00 0.96-1.04 0.99 0.96 0.95-0.98 <0.01 1.03 0.99-1.07 0.12
Serum uric acid (mgdi~l) 1.29 1.01-1.69 0.04 1.11 0.74-1.72 0.62 226 1.63-3.34 <001 191 1.14-361 0.03

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin Il receptor blockers; Cl, confidence interval; eGFR, estimated glomerular filtration rate; Hb, hemoglobin;

OR, odds ratio.

had higher SUA levels, and a higher prevalence of LVH, compared
with those <45 years of age. Given that female subjects >45 years of
age had lower kidney function compared with those <45 years of age,
this observation may be partly attributable to the higher prevalence of
advanced CKD stages in female subjects =45 years of age. In post-
menopausal women, increased SUA levels may result from
menopause-related metabolic changes, and might correlate with an
increased risk of coronary artery disease.*> It is possible that the role
of SUA as a risk for CV disease becomes more obvious for patients
with a generally lower risk profile, such as women.??

This study has some limitations. First, the sample size was relatively
small. A larger cohort study will be needed to avoid study bias and to
document more precisely the relationship between SUA and cardiac
hypertrophy. Second, most of our subjects were treated with
antihypertensive agents: 55% of subjects received ACEIs and/or ARBs,
which are known to prevent cardiac hypertrophy.?® However,
univariate analysis showed that use of ACEIs and/or ARBs was
associated with increased LVMI and higher prevalence of LVH in both
sexes. It seems reasonable that ACEIs and/or ARBs were
predominantly used for patients with cardiac hypertrophy.

Hypertension Research

— 353 —



Serum uric acid and cardiac hypertrophy
R Yoshitomi ef af

252

Multivariate analysis showed that the use of diuretics was an
independent variable associated with LVMI in men. This finding
may reflect the tendency for patients with higher LVMI to receive
diuretics more often.

In conclusion, our results show an independent association
between SUA levels and LVH and LVMI in female subjects, but not
in male subjects. This finding suggests that an association between
SUA levels and the development of LVH and LVMI is more likely in
women than in men.
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