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Association between hyperlipidemia and chronic kidney
disease in a Japanese population; a cross-sectional study
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Abstract

Background: Strategies to prevent the development and progression of chronic kidney disease (CKD) are
important in clinical practice as life expectancy increases. The present study investigated the prevalence of
CKD as well as lipid profiles affecting CKD, especially triglyceride (TG) levels.

Methods: In total, 5,169 subjects were eligible for a cross-sectional analysis of baseline data from the Jichi
Medical School Cohort Study. We examined CKD subjects with an estimated glomerular filtration rate
(eGFR) of less than 60 mL/ min/1.73m” and independent factors associated with reductions in eGFR.
Results: The prevalence of CKD was 17.7%. Age, systolic blood pressure, and hyperlipidemia were defined
as related CKD factors. The lowest, second, third, and highest quartile ranges of total cholesterol (TC)
were <166, 167-188, 189-212, and >213 mg/dL, respectively; the quartile ranges of TG were <71, 72-100, 101-
148, and >149 mg/dL, respectively. The odds ratio (OR) of Q2 to Q4 of TC relative to that of Q1 for CKD
increased linearly (OR [95%CI]: Q2, 1.3 [1.0-1.7]; Q3, 1.38 [1.1-1.8]; Q4, 1.5 [1.4-2.4]). The ORs of Q2 and
Q3 of TG for CKD did not increase, whereas that of Q4 did (OR [95% CI]: Q2, 0.95 [0.7-1.2]; Q3, 0.98 [0.8-1.2];
Q4, 1.21 [1.0-1.5]).

Conclusion: Increases in TC and TG levels were both independently associated with CKD. The

relationship with CKD became stronger as TC increased, and the TG had threshold was 149 mg/dL.
(Keywords: chronic kidney disease, cohort study, hyperlipidemia, hypertriglyceridemia)

Introduction

Chronic kidney disease (CKD) is a global problem in
clinical practice due to increased life expectancy. In 2005,
13% of Japanese adults who participated in the annual health
check program were reported to have CKD'. Another
cohort study in Japan showed that the prevalence of CKD
was increasing. The progression of CKD ultimately results
in end-stage renal disease and dialysis®. In Japan, 339,841
patients were receiving dialysis in 2018, with this number
increasing by approximately 5,000 patients annually®.

Many studies investigated the association between
hyperlipidemia and CKD and the parameters of

hyperlipidemia. Although metabolic syndrome (MetS), and
total cholesterol (TC) are well-known risks, the association
with triglycerides (TG) currently remains unclear®. MetS
consists of at least three of the following five disorders:
abdominal obesity, hypertriglyceridemia, low high-density
lipoprotein cholesterol (HDL-C), hypertension, and
hyperglycemia. A systematic review identified MetS as a
predictor of the development of CKD®. Schaeffner et al.®
demonstrated in a prospective study that renal dysfunction
was more common in men with TC greater than 240 mg/
dL. However, the threshold level of TG that affects the
development of CKD has not yet been established. Limited
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information is currently available on the relationship
between TG levels and CKD. In a Chinese cross-sectional
study, increases in TG levels were linearly associated with
mild declines in renal function in subjects with an estimated
glomerular filtration rate (eGFR) of between 60 and 90
mL/min/1.73m* ". Another cross-sectional study in Taiwan
reported that TG levels 2200 mg/dL were associated with
the development of CKD in subjects recruited from a
medical screening program®.

Herein, we investigated lipid profiles related to CKD,
especially the TG level related to CKD, in a cross-sectional
study of Japanese community-based residents. The aim of
this study was to investigate the frequency of CKD and the
association of CKD-related factors, especially lipids and
CKD. We conducted a cross-sectional analysis of baseline
data from the Jichi Medical School (JMS) Cohort Study.

Methods
Subjects

The objective of the JMS Cohort Study was to evaluate
the relationship between risk factors and cardiovascular
diseases (CVD) in a general Japanese population. Details on
the JMS cohort have been described previously’. Subjects
were recruited from mass screening examinations for
CVD by the Health and Medical Service Law for the Aged
conducted by 11 communities between April 1992 and July
1995. The baseline data of this cohort were used in this
cross-sectional study. The total number of subjects in the
cohort was 12,490 (4,913 men and 7,577 women) and they
were aged between 19 and 93 years. After the exclusion
of subjects whose serum creatinine (SCr) value was not
obtained, 5,169 subjects (1,870 men and 3,299 women)
remained eligible for the CKD study.

Variables

Baseline information on age, sex, body mass index
(BMI), systolic blood pressure (SBP), diastolic blood
pressure (DBP), blood sugar (BS), TC, and TG was
collected. Information on the smoking and drinking status
as well as previous medical histories were obtained from
questionnaires. Diabetes was defined as fasting BS >
126 mg/dL and/or casual BS >200 mg/dL and receiving
medication for diabetes. Hyperlipidemia was defined as
TC 2220 mg/dL and/or TG 2150 mg/dL and receiving
medication for hyperlipidemia. We calculated eGFR
according to the modification of diet in renal disease eGFR
(MDRD-eGFR) for Japanese using the following equations:
eGFR in men = 194 xSCr'" x Age™’ while eGFR in
women = 194 X SCr'" x Age**"x (0.739". Subjects were
classified into CKD stages based on the definition of the
Kidney Disease Outcomes Quality Initiative according to
eGFR'. In the present study, subjects with eGFR less than
60 mL/min/1.73m’ were defined as the CKD group.
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We obtained informed consent individually in writing and
all subjects agreed to participate in the present study. Each
community government and the Institutional Review Board
of Jichi Medical University approved the study design and
methods. (Ethical approval number: Epidemiology 03-01).

Statistical analysis

Continuous variables were expressed as means and
standard deviations (SD). Categorical variables were
expressed as percentages (%). The differences in mean
values between CKD and non-CKD were calculated using
the #test, while differences in percentages were calculated
using the y*test. We performed a multiple linear regression
analysis to assess the relationships between various factors
and reductions in eGFR adjusted for age, sex, BMI, SBP,
hyperlipidemia, diabetes, current smoking habits, and
alcohol habits. f, standard errors (SE), and P values
were calculated using this model. We performed a logistic
regression analysis to evaluate related factors for the CKD
group. In addition, we calculated the odds ratios (OR), 95%
confidence intervals (95% CI), and P values adjusted for age,
sex, BMI, SBP, the category of hyperlipidemia, diabetes,
current smoking habits, and alcohol habits. To assess lipid
profile risks, we used TG 2150 mg/dL, TC 2220 mg/dL, and
both TC >220 mg/dL and TG >150 mg/dL as independent
variables for categories of hyperlipidemia. We then
examined the OR of the quartiles of TC and TG for CKD
adjusted for age, sex, BMI, SBP, diabetes, current smoking
habits, and alcohol habits by logistic regression analysis.

Statistical analyses were performed using SPSS ver. 21
(IBM SPSS Statistics 21.0).

Results

The baseline general characteristics of CKD and non-
CKD subjects are shown in Table 1. The total number of
subjects was 5,169 and 36.2% were men. The mean age of
subjects was 53.9 ([SD] 11.2) years, 53.6 (11.4) years for
men, and 54.1 (11.0) years for women. Age, the percentage
of men, BMI, SBP, DBP, TC, TG, hyperlipidemia, and BS
were higher in the CKD group than in the non-CKD group.
No significant differences were observed in the prevalence
of diabetes between the two groups. The percentage of
subjects with current smoking and alcohol habits was
lower in the CKD group than in the non-CKD group. The
prevalence of CKD was 17.7% (15.7% in men, 18.9% in
women). The numbers of subjects with eGFR of 90 mL/
min/1.73m? or higher, 60-89 mL/min/1.73m? 30-59 mL/
min/1.73m% or <30 mL/min/1.73m” were 1,194 (23.1%),
3,058 (59.2%), 913 (17.7%), and 4 (0.08%) respectively. The
number of subjects with positive proteinuria was 67 (1.3%).
Because the percentage of those subjects was very small, we
did not use the findings of proteinuria for the definition of
CKD. The number of subjects with hyperlipidemia was 1,891
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Table 1. General characteristics of participants in CKD and non-CKD groups

All patients CKD group non-CKD group

Variables (n=5,169) (n=917) (n =4,252) P value
Age (years), mean (SD) 53.9 (11.2) 59.9 (6.8) 52.6 (11.5) <0.001
Male (%) 36.2 32.1 37.1 0.004

BMI (kg/m?), mean (SD) 23.1 3.0) 23.4 (3.0 22.9 (3.0) <0.001
SBP (mmHg), mean (SD) 126.1 (18.9) 131.7 (19.0) 124.9 (18.7) <0.001
DBP (mmHg), mean (SD) 76.3 (11.6) 78.3 (11.1) 75.8 (11.7) <0.001
TC (mg/dL), mean (SD) 191.2 (34.7) 202.2 (34.7) 188.8 (34.3) <0.001
TG (mg/dL), mean (SD) 122.5 (77.9) 132.3 (76.1) 120.4 (78.2) <0.001
Hyperlipidemia (%) 36.6 48.3 34.1 <0.001
BS (mg/dL), mean (SD) 107.9 (28.3) 111.4 (31.2) 107.2 (27.7) <0.001
Diabetes (%) 3.3 3.3 3.4 0.934

Current smoking habits (%) 22.9 14.9 24.6 <0.001
Current alcohol habits (%) 41.5 35.0 42.9 <0.001

CKD, chronic kidney disease; SD, standard deviation; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; TC, total cholesterol; TG, triglycerides; BS, blood sugar
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Figure 1. Prevalence of chronic kidney disease by age
and sex

The prevalence of chronic kidney disease by age and sex is
shown as percentages in each age group of 30-39, 40-49, 50-
59, and >60 years.

(36.6%), of which 85 (1.7%) had been treated. The number
of subjects with a TG =150 mg/dL alone, TC >220 mg/dL
alone, or both TC >220 mg/dL and TG 2150 mg/dL were
860 (16.7%), 610 (11.8%), and 410 (7.9%), respectively. The
prevalence of CKD in each age group of 30-39, 40-49, 50-59,
and >60 years were 0.8, 7.6, 11.5, and 27.3% in men and 0.4,
5.8, 23.1, and 27.9% in women, respectively (Fig. 1).

In a multiple linear regression analysis model, age (P
<0.001), sex (P <0.05), SBP (P <0.001), and hyperlipidemia (P
<0.001) were associated with reductions in eGFR in Table 2.

The ORs for the CKD group adjusted for multiple
variables are shown in Table 3. Age (OR [95%CI]: 1.07, [1.06-
1.09]), SBP (1.01, [1.00-1.01]), TG >150 mg/dL alone (1.34,
[1.07-1.66]), TC > 220 mg/dL alone (1.55, [1.23-1.94]), and
high TG and TC (1.94, [1.48-2.54]) correlated with CKD. An
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Table 2. Factors affecting eGFR in a multiple linear
regression analysis

Variables at baseline B SE P

Age (years) -.308 0.027  <0.001
Sex -037  0.766 0.033
BMI (kg/m’) -005 0101  0.740
SBP (mmHg) -134  0.016  <0.001
Hyperlipidemia -.056 0.613  <0.001
Diabetes 076 1.603  <0.001
Current smoking habits .052 0.800 0.001
Current alcohol habits .005 0.681 0.769

eGFR, estimated glomerular filtration rate; SE, standard
error; BMI, body mass index; SBP, systolic blood pressure

additive effect of TG and TC on CKD was observed (data not
shown). The synergistic effect of TG and TC on CKD was
also noted in this regression model in another evaluation.
The OR of TC and TG in quartiles for CKD adjusted
according to multiple variables are shown in Fig.2. The
lowest, second, third, and highest quartile ranges of TC
were <166, 167-188, 189-212, and >213 mg/dL, respectively;
the quartile ranges of TG were <71, 72-100, 101-148, and >
149 mg/dL, respectively. The OR of Q2 to Q4 of TC relative
to Q1 for CKD increased linearly (OR [95%CI]: Q2, 1.3 [1.0-
1.7]; Q3, 1.38 [1.1-1.8]; Q4, 1.5 [1.4-2.4]). Although the OR
of Q2 and Q3 of TG for CKD did not increase, the OR of
Q4 of TG for CKD was significantly higher than that for Q1
(OR [95% CI]: Q2, 0.95 [0.7-1.2]; Q3, 0.98 [0.8-1.2]; Q4, 1.21
[1.0-1.5]). The OR according to TG elevations significantly
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Table 3. Odds ratios for CKD in a logistic regression
analysis

CKD+

Variables at baseline OR 95% CI P
Age (years) 1.07 1.06-1.09 <0.001
Sex 1.00  0.80-1.25 0.990
BMI (kg/m?) 1.01 0.98-1.04 0.462
SBP (mmHg) 1.01 1.00-1.01 <0.001
TC <220 and TG <150 Ref.

TG 2150 mg/dL, alone (TC <220) 1.34 1.07-1.66  0.010

TC 2220 mg/dL, alone (TG<150) 1.55 1.23-1.94 <0.001

TC2220 mg/dLand TG 2150 mg/dL.  1.94  1.48-2.54 <0.001
Diabetes 072 046-1.13 0.153
Current smoking habits 0.70  0.55-0.90 0.005
Current alcohol habits 097 0.79-1.18  0.740

CKD, chronic kidney disease; OR, odds ratio; CI, confidence
interval; BMI, body mass index; SBP, systolic blood
pressure; TC, total cholesterol; TG, triglycerides
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Figure 2. Odds ratios of quartiles of total cholesterol
and triglycerides for chronic kidney disease

The odds ratios (ORs) of quartiles of total cholesterol
(TC) and triglycerides (TG) for chronic kidney disease
(CKD) and 95% confidence intervals were calculated with
adjustments for age, sex, body mass index, systolic blood
pressure, diabetes, current smoking habits, and drinking
habits by logistic regression analysis. Q1, Q2, Q3, and Q4
quartile ranges of total TC were <166, 167-188, 189-212, and
>213 mg/dL, respectively; the quartile ranges of TG were <
71, 72-100, 101-148, and >149 mg/dL, respectively. The ORs
of Q2, Q3, and Q4 of TC relative to Q1 for CKD were 1.3
(1.0-1.7), 1.38 (1.1-1.8), and 1.5 (1.4-2.4). The ORs of Q2, Q3,
and Q4 of TG relative to Q1 for CKD were 0.95 (0.7-1.2),
0.98 (0.8-1.2), and 1.21 (1.0-1.5). *P <0.05 and **P <0.001, as
compared with Q1.

32

increased only in the highest quartile at 149 mg/dL or
higher. The OR of Q4 with a TG level of 149 mg/dL or more
was higher than that of Q1 to Q3 (OR [95% CI]: 1.24 [1.0-
1.5]).

Discussion

The prevalence of CKD in the present study was 17.7%,
considered close to the prevalence of CKD in general
populations in Japan. Another study conducted in 2005
reported that the prevalence of CKD was 13%". This may be
due to our subjects being recruited from mass screening
examinations and their volunteering to participate”. The
prevalence of CKD in the present study may also have been
higher because 63.8% of our subjects were women, among
whom those aged 50 years and older had a high prevalence
of CKD.

In the present study, significant differences were observed
in age, BMI, SBP, DBP, TC, TG, and hyperlipidemia between
the CKD and non-CKD groups. Multiple linear regression
analysis showed that age, sex, SBP, and hyperlipidemia were
associated with reductions in eGFR. Our logistic regression
analysis revealed that age, SBP, TG >150 mg/dL alone, TC
>220 mg/dL alone, and high TC and TG were associated
with CKD after adjustments for other risk factors. The OR of
TC in quartiles for CKD increased linearly, whereas similar
changes were not observed for elevations in TG. The risk of
developing CKD appeared only at the highest TG quartile
(2149 mg/dL). Elevations greater than 149 mg/dL, even
without increases in TC, may be a risk factor for CKD in this
population. These results suggested that hyperlipidemia
was a significant risk for CKD, whereas diabetes was not
associated with CKD in our subjects recruited between
1992 and 1995. Additionally, the risk of CKD was clearly
associated with those whose TG value became 149 mg/
dL or higher, whereas the risk gradually increased in those
whose TC value exceeded the normal range.

Although the relationship between TC and CKD
progression has been extensively examined, few studies
have investigated the relationship between TG and
CKD according to various lipid profiles and outcomes™°.
Tsuruya et al.” reported that the TG/HDL-C ratio was
linearly related to CKD. Muntner et al."* also indicated
that hypertriglyceridemia and low HDL were markers
of elevated SCr. Shimizu et al.” identified intima-media
thickening and hypertriglyceridemia as risk factors for
CKD. A study in Taiwanese adults conducted in 2009
reported a relationship between the TG threshold and CKD,
and that the adjusted OR of CKD in subjects with TG >200
mg/dL was significantly higher than in those with TG <200
mg/dL (OR [95%CI]: 1.901, [1.07-3.36])%. Chinese studies
reported that TG was a risk factor for CKD in 2020 "
The TG threshold may differ among countries or regions
depending on lifestyles such as eating habits and physical



activities. The TG threshold may be used to stratify the risk
of developing CKD among different backgrounds.

Hyperlipidemia is identified as one of the strongest risk
factors for CVD. CKD is also an established risk factor for
the development of CVD. Therefore, common factors, such
as arterial inflammation caused by hyperlipidemia, may
contribute to the progression of vascular damage in the
heart and kidney™. On the other hand, lipid abnormalities
secondarily caused by glomerulosclerosis have been
proposed based on the hypothesis of lipid nephrotoxicity'**.
This lipid cycle is considered to accelerate the progression
of CKD, and its mechanism is related to inhibition of
the cascade of very-low-density lipoprotein degradation
by apoproteins. Altered lipoprotein effects have been
reported as a major factor affecting nephrotoxicity in
hypertriglyceridemia®. Recent studies focused on changes
in the n-3 polyunsaturated fatty acid profile and cholesterol
metabolism that cannot be evaluated by lipoprotein
levels® ?. The management of hyperlipidemia may be
important for preventing the progression of CKD and
reducing total mortality rates.

Interventional studies on statins recently reported
reductions in CVD events and possible renal protection®.
A meta-analysis by Sandhu et al.* revealed that statins
suppressed impairments in renal function, increases in
urinary proteins, and the onset and recurrence of CVD
events. Also, in a meta-analysis by Ting et al.?, fibrates
were shown to reduce CVD events and suppress declines
in renal function in subjects with type 2 diabetes and renal
impairment.

Limited information is currently available to support the
beneficial effects of reductions in TG on the prognosis of
CKD. Therefore, further interventional trials are necessary.

Although diabetes is one conventional CKD risk factor, it
was not associated with CKD or reductions in eGFR in the
present study. Glomerular hyperfiltration, as the underlying
mechanism, has been suggested to increase eGFR in
patients with diabetes®™ %, Smoking is another risk factor for
CKD; however, it showed a negative relationship with CKD
in the present study. This result may have been affected by
the lower BMI of subjects who smoke.

The present study had the following limitations. First, TG
data included pre-and post-prandial levels, which introduced
a measurement bias. However, the impact of this bias was
not large as the subjects in the present study were recruited
from a large, multicenter general population’. Second, we
did not use urinalysis for the definition of the CKD group,
because the subjects with positive proteinuria were small.
When we performed the same analysis after we included the
subjects with positive proteinuria in the CKD group, there
was no significant change in the results.

Conclusions
TC and TG elevations were both independently associated
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with CKD in a general Japanese population. The relationship
with CKD became stronger as TC increased. A TG level of
149 mg/dL or higher may be the threshold for a relationship
with CKD. As only a few interventional studies have been
conducted exploring the association between TG and CKD,
the relationship between TG levels and the development of
CKD warrants further research. Interventional studies are
expected because the management of TG may prevent the
development and progression of CKD.
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