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ABSTRACT

Background. Relationships between levels of serum lipid fractions and the time course of renal function are discrepant
in the literature. Here we examined this issue by analyses of healthy subjects in a cohort.
Methods. Of all subjects who received health examinations at Keijinkai Maruyama Clinic, Sapporo in 2006, subjects with
hypertension, diabetes mellitus or chronic kidney disease (CKD) and those taking medication for dyslipidemia were
excluded and a total of 5586 subjects (male/female: 3563/2023, mean age: 43 ± 8 years) were followed for 10 years.
Results. Linear mixed effect models showed that baseline low-density lipoprotein-cholesterol (LDL-C) level was
negatively associated with estimated glomerular filtration rate (eGFR) during the 10-year follow-up period after
adjustment for confounders. Interactions between the follow-up year and baseline level of LDL-C or high-density
lipoprotein-cholesterol (HDL-C) for eGFR values during the follow-up period were significant in males but not in females.
There were no significant interactions for eGFR between the follow-up year and baseline levels of total cholesterol,
triglycerides, or HDL-C/triglycerides ratio. During the follow-up period, 346 males and 223 females developed CKD. When
male subjects were divided into subgroups according to tertiles of baseline levels of LDL-C, the adjusted risk for CKD in
the third tertial group was significantly higher than that in the first tertile group as a reference [hazard ratio (95%
confidence interval): 1.39 (1.02–1.90), P = .035]. Such a difference was not observed for LDL-C tertiles in females or HDL-C
tertiles in both sexes.
Conclusions. A high LDL-C level may be a risk factor for new-onset CKD in apparently healthy males.
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INTRODUCTION

Treatment of dyslipidemia is important for reducing major
atherosclerotic events and its clinical benefits have also been
shown in patients with chronic kidney disease (CKD), a risk fac-
tor of atherosclerosis [1, 2]. However, the impact of dyslipidemia
on risk of CKD has not been fully characterized. To our knowl-
edge, there have been five studies in which the relationships
of disorders of lipid fractions with a decline in renal function
and new onset of CKD were investigated, but the findings re-
garding a primary lipid fraction that is causally related to CKD
are discrepant [3–7] (Supplementary data, Table S1). High levels
of total cholesterol (TC), triglycerides (TG), TG-to-high-density-
lipoprotein-cholesterol (HDL-C) ratio (TG/HDL-C), or low-density
lipoprotein-cholesterol (LDL-C) and/or a low level of HDL-C have
been reported to be risk factors for renal dysfunction in males
or females depending on the study [3–7]. The reason for the dis-
crepant results of earlier studies has not been clearly explained.

One possible explanation for the discrepant findings regard-
ing serum lipids and CKD risk in earlier studies is different pro-
portions of patients with comorbidities that increase CKD risk
(such as hypertension and diabetes mellitus) in the study sub-
jects [3–7]. Another possibility is a sex difference in renal sen-
sitivity to detrimental effects of dyslipidemia. Sex differences in
the risk of dyslipidemia for cardiovascular disease [8] and for the
decline in eGFR [9] have been recognized, but there have been
few studies in which differences between males and females in
the relationships between levels of serum lipids and decline in

eGFRwere examined [3–7]. To avoid these potential problems,we
enrolled subjects who did not have hypertension, diabetes mel-
litus or CKD in the present study. Longitudinal analyses using
linear mixed effect models and Cox proportional hazard mod-
els were performed inmale and female groups of the subjects to
determine the associations between renal function, new onset
of CKD and each of the lipid fractions including LDL-C, HDL-C,
TC and TG.

MATERIALS AND METHODS

This study conformed to the principles outlined in the Decla-
ration of Helsinki and was approved by the institutional ethi-
cal committee of Sapporo Medical University (Number: 29-2-64).
Written informed consent was obtained from all subjects. This
study was conducted as a project of the BOREAS (Broad-range
Organization for REnal, Arterial and cardiac studies by Sapporo
Medical University Affiliates) CKD investigators.

Study subjects and clinical endpoint

The present study was designed as a retrospective analysis of a
cohort in which data have been prospectively collected. The co-
hort consists of individuals who received annual health exami-
nations in Keijinkai Maruyama Clinic, a major health check-up
institute in Sapporo, Japan. All individuals who received annual
health examinations were initially enrolled (n = 28 990) for data
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FIGURE 1: Selection of study participants. Among 28990 individuals who re-

ceived health examinations in 2006, a total of 5586 subjects (male/female:
3523/2063) were finally recruited for analyses in the present study. DM, diabetes
mellitus; eGFR, estimated glomerular filtration rate; HT, hypertension.

retrieval in this study (Fig. 1). First, we excluded 7429 subjects
with no data for blood pressure, no data for urinalysis, or no
laboratory data for lipid variables, fasting plasma glucose, cre-
atinine and eGFR in 2006. Next, we excluded 5484 subjects with
eGFR <60 mL/min/1.73 m2, diabetes mellitus and/or hyperten-
sion or self-reported use of anti-dyslipidemic drugs at baseline.
Subjects with TG level ≥400 mg/dL were also excluded in or-
der to apply the Friedewald equation for the determination of
the level of LDL-C. Finally, 10 491 subjects who did not receive
health examinations in 2016 and at least once in the period from
2007 to 2015 were excluded. After exclusion, a total of 5586 sub-
jects (male/female: 3523/2063) contributed to the present anal-
yses. The characteristics of the enrolled and excluded subjects
are shown in Supplementary data, Table S2. The clinical end-
point was new onset of CKD, defined as a decrease of eGFR to
˂60 mL/min/1.73 m2 [10] during a 10-year follow-up period. In a
post hoc analysis, we repeated the analyses by using the chronic-
ity criterion to define CKD: eGFR declined to ˂60mL/min/1.73m2

twice during the follow-up period.

Measurements

A self-administered questionnaire survey was performed to ob-
tain information regarding smoking habits and medical history
including treatment for hypertension, diabetesmellitus, dyslipi-
demia and ischemic heart disease. Medical examinations, blood
pressure measurements and samplings of urine and blood were
performed after an overnight fast. Proteinuria (0, 1+, 2+ or 3+)
was evaluated by the dipstick method. Hematuria was defined
by positivity (1+ or more) in the dipstick test. As an index of re-
nal function, eGFR was calculated using the following equation:
eGFR (mL/min/1.73 m2) = 194 × serum creatinine–1.094 × age–0.287

× 0.782 (if female) [11]. LDL-Cwas calculated by using the Friede-
wald equation. TG-to-HDL-C ratio (TG/HDL-C) was calculated as
TG level (mg/dL) divided by HDL-C level (mg/dL).

Obesity was defined as body mass index (BMI) ≥25. Diabetes
mellitus was diagnosed in accordance with the guidelines of
the American Diabetes Association [12]: fasting plasma glucose
≥126 mg/dL or HbA1c ≥6.5% or self-reported use of anti-diabetic
drugs. Hypertension was diagnosed as systolic blood pressure
≥140 mmHg and/or diastolic blood pressure ≥90 mmHg or self-
reported use of anti-hypertensive drugs. Ischemic heart dis-
ease was defined by self-reported treatment for ischemic heart
disease.

Statistical analysis

Numeric variables are expressed as means ± SD for normal dis-
tributions or medians (interquartile ranges) for skewed distribu-
tions. The distribution of each parameter was tested for its nor-
mality using the Shapiro–Wilk test. Relationships between base-
line levels of lipid fractions and absolute values of eGFR at the
time of follow-up in each year and interactions between base-
line lipid fractions and follow-up year for eGFR values during
the follow-up periodwere examined by using linearmixed effect
models. The models were adjusted for confounding factors in-
cluding those used in earlier studies [5, 13, 14]: age, BMI, systolic
blood pressure, smoking habit, hemoglobin, albumin, uric acid,
fasting plasma glucose, hematuria and proteinuria at baseline.
Cox proportional hazard model analysis was used to determine
differences in risk for CKD among study subject groups divided
by tertiles (T1∼T3) of baseline LDL-C or baseline HDL-C. The haz-
ard ratio (HR) and 95% confidence interval (CI) of the T2 and T3
groups were calculated by use of the T1 group as the reference
after adjustment for confounding factors. In the calculation of
HR, we used confounding factors that were selected in earlier
studies [5, 13, 14] (i.e., age, BMI, systolic blood pressure, smok-
ing habit, hemoglobin, albumin, uric acid, fasting plasma glu-
cose, hematuria and proteinuria at baseline) and new onsets of
hypertension, diabetes mellitus and ischemic heart disease as
time-dependent variables. A P-value of ˂.05 was considered sta-
tistically significant. All data were analyzed by using JMP 9.0.2
for Windows (SAS Institute, Cary, NC) and EZR [15].

RESULTS

Characteristics of the study subjects

Basal characteristics of recruited subjects are shown in Table 1.
Female subjects had smaller BMI, smaller waist circumference,
lower systolic and diastolic blood pressures, lower rate of smok-
ing habit, lower levels of hemoglobin, albumin, blood urea nitro-
gen, creatinine, uric acid, fasting plasma glucose, TG, TG/HDL-C
and LDL-C, higher rate of hematuria and higher levels of eGFR
and HDL-C than did male subjects.

Of the 5586 subjects (male/female: 3523/2063), 10.2% of the
subjects (n = 569, male/female: 346/223) developed new-onset
of CKD during the follow-up period. The mean follow-up pe-
riod was 9.5 years (range: 1–10 years) and follow-up summation
was 53764 (male/female: 34 075/19 689) persons-years.Of the 569
subjects with new-onset of CKD, the numbers of subjects who
were categorized in G5 (eGFR <15), G4 (eGFR of 15–29), G3b (eGFR
of 30–44) and G3a (eGFR of 45–59) stages of CKD [10] were 1, 2,
32 and 534, respectively. Characteristics of subjects who devel-
oped CKD and subjects who did not develop CKD during the
follow-up period are shown in Supplementary data, Table S3.
Subjects who developed CKD were older than subjects who did
not develop CKD and had a lower level of eGFR and higher lev-
els of LDL-C, TC, TG and TG/HDL-C than those in subjects who
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Table 1. Characteristics of the subjects

Total Male Female
(n = 5586) (n = 3523) (n = 2063)

Age (years) 43 ± 8 44 ± 8 43 ± 8
Body mass index 22 ± 3 23 ± 3 21 ± 3
Obesitya 1690 (30.2) 1386 (39.3) 308 (14.9)
Waist circumference (cm) 82 ± 9 84 ± 8 77 ± 8
Systolic blood pressure (mmHg) 111 ± 12 114 ± 11 106 ± 12
Diastolic blood pressure (mmHg) 71 ± 9 73 ± 8 67 ± 8
Pulse rate (beats/min) 62 ± 8 62 ± 8 63 ± 8
Smoking habit 2043 (36.5) 1659 (47.0) 384 (18.6)
Urinary data

Hematuria 596 (10.6) 174 (4.9) 422 (19.3)
Proteinuria 167 (2.9) 93 (2.6) 74 (3.5)
(1+) 155 (2.7) 86 (2.4) 69 (3.3)
(2+) 12 (0.2) 7 (0.2) 5 (0.2)

Biochemical data
Hemoglobin (g/dL) 14.2 ± 1.5 15.1 ± 1.0 12.8 ± 1.1
Albumin (g/dL) 4.3 ± 0.2 4.4 ± 0.2 4.3 ± 0.2
Blood urea nitrogen (mg/dL) 13.8 ± 3.2 14.4 ± 3.2 12.8 ± 3.1
Creatinine (mg/dL) 0.71 ± 0.13 0.79 ± 0.09 0.58 ± 0.07
eGFR (mL/min/1.73 m2) 87.2 ± 13.5 86.1 ± 12.7 89.0 ± 14.5
Uric acid (mg/dL) 5.4 ± 1.4 6.0 ± 1.1 4.2 ± 0.8
FPG (mg/dL) 88 ± 8 89 ± 8 85 ± 7
Hemoglobin A1c (%) 5.1 ± 0.3 5.1 ± 0.3 5.1 ± 0.3
C-reactive protein (mg/dL) 0.05 (0.05–0.08) 0.05 (0.05–0.09) 0.05 (0.05–0.06)
LDL-C (mg/dL) 119 ± 30 122 ± 30 113 ± 29
HDL-C (mg/dL) 61 ± 15 56 ± 13 70 ± 15
TC (mg/dL) 201 ± 32 202 ± 32 198 ± 32
TG (mg/dL) 85 (58–127) 104 (74–149) 60 (46–84)
TG/HDL-C 1.43 (0.84–2.41) 1.90 (1.21–3.02) 0.85 (0.61–1.29)

Comorbidity
Ischemic heart disease 25 (0.4) 23 (0.6) 2 (0.0)

Variables are expressed as number (%), means ± SD or medians (interquartile ranges).
aObesity was defined as body mass index ≥25.
eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC,
total cholesterol; TG, triglycerides.

did not develop CKD. The level of HDL-C tended to be lower in
subjects who developed CKD. During the follow-up period, 1414
subjects (male/female: 1100/314) and 258 subjects (male/female:
203/55) developed hypertension and diabetes mellitus, respec-
tively. The number of subjects with ischemic heart disease was
25 (male/female: 23/2) at baseline (Table 1) and 176 subjects
(male/female: 137/39) developed ischemic heart disease during
the follow-up period.

Of the 569 subjects with new-onset of CKD during the follow-
up period, 257 males and 172 females met the chronicity crite-
rion in post hoc analysis. These numbers of CKD events are likely
to have been underestimated since 10 491 subjects who could
not be assessed for chronicity because they received the exami-
nation less than three times were excluded.

Associations between baseline levels of lipid fractions
and eGFR during the follow-up period

Results of analyses of the linearmixed effect for eGFR during the
follow-up period are summarized in Table 2. Follow-up year and
LDL-C level at baseline were negatively associated with eGFR
during the follow-up period in both male and female subjects
(Model 1). There was a significant and negative interaction be-
tween follow-up year and level of LDL-C at baseline for eGFR
during the follow-up period in male subjects but not in female

subjects (Model 1). HDL-C level at baseline was not significantly
associated with eGFR during the follow-up period in either male
or female subjects (Model 2). There was a significant and posi-
tive interaction between the follow-up year and baseline HDL-C
level for eGFR during the follow-up period only in male subjects.
Among the lipid fractions including TC, TG and TG/HDL-C, only
TC level at baseline was negatively associated with eGFR during
the follow-up inmale subjects but not in female subjects (Model
3). There was no significant interaction between the follow-up
year and the baseline level of TC, TG or HDL-C/TG for eGFR dur-
ing the follow-up period (Models 3–5). Visual depictions of lin-
ear mixed models for eGFR during the follow-up period in male
and female subjects with low (50 mg/dL) and high (250 mg/dL)
levels of baseline LDL-C are shown in Supplementary data, Fig.
S1; the rate of eGFR decline during the follow-up period appears
to be larger in male subjects with high baseline LDL-C than in
those with low baseline LDL-C, while such a difference was not
observed in female subjects.

Relationships between baseline levels of lipid fractions
and incidence of CKD during the follow-up period in
males

Since significant associations of baseline levels of LDL-C and
HDL-Cwith the subsequent decline of eGFRwere found inmales
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Table 2. Linear mixed effect models for eGFR during the follow-up period

Male (n = 3563) Female (n = 2023)

Fixed-effect coefficient
estimates (95% CI) SE P

Fixed-effect coefficient
estimates (95% CI) SE P

Model 1a

Follow-up year −1.320 (−2.277, −0.826) 0.366 <.001 −1.248 (−2.103, −0.307) 0.437 .004
LDL-C at baseline −0.022 (−0.036, −0.002) 0.009 .011 −0.031 (−0.052, −0.002) 0.013 .015
Interaction (follow-up year and
LDL-C at baseline)

−0.001 (−0.002, −0.000) 0.000 .036 0.001 (−0.000, 0.002) 0.001 .238

(AIC = 153 492) (AIC = 93982)
Model 2a

Follow-up year −1.444 (−2.489, −1.016) 0.368 <.001 −1.320 (−2.218, −0.428) 0.435 .002
HDL-C at baseline 0.011 (−0.037, 0.039) 0.020 .549 0.006 (−0.046, 0.044) 0.023 .798
Interaction (follow-up year and
HDL-C at baseline)

0.004 (0.001, 0.006) 0.001 <.001 0.000 (−0.002, 0.002) 0.001 .733

(AIC = 155 186) (AIC = 93985)
Model 3a

Follow-up year −1.300 (−2.221, −0.800) 0.362 <.001 −1.263 (−2.127, −0.371) 0.436 .003
TC at baseline −0.002 (−0.032, −0.000) 0.001 .031 −0.021 (−0.041, 0.003) 0.012 .071
Interaction (follow-up year and
TC at baseline)

−0.000 (−0.001, 0.001) 0.000 .799 0.001 (−.0001, 0.002) 0.001 .267

(AIC = 155 199) (AIC = 93985)
Model 4a

Follow-up year −1.328 (−2.235, −0.811) 0.369 <.001 −1.368 (−2.245, −0.480) 0.445 .002
Log TG at baseline −0.235 (−1.071, 1.069) 0.542 .665 0.252 (−1.170, 2.061) 0.814 .756
Interaction (follow-up year and
LogTG at baseline)

0.019 (−0.039, 0.075) 0.029 .506 0.027 (−0.060, 0.122) 0.046 .551

(AIC = 155 187) (AIC = 93970)
Model 5a

Follow-up year −1.329 (−2.167, −0.387) 0.369 <.001 −1.294 (−2.167, −0.387) 0.437 .003
Log TG/HDL-C at baseline −0.212 (−0.892, 1.665) 0.426 .619 0.141 (−0.892, 1.665) 0.644 .827
Interaction (follow-up year and
LogTG/HDL-C at baseline)

−0.017 (−0.057, 0.087) 0.369 .461 0.010 (−0.057, 0.871) 0.036 .788

(AIC = 155 188) (AIC = 93972)

aThe models were adjusted for age, body mass index, systolic blood pressure, smoking habit, hemoglobin, albumin, uric acid, fasting plasma glucose, hematuria and
proteinuria at baseline. Hematuria and proteinuria (1+ or more) were evaluated by the dipstick method.
eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyc-

erides. AIC, Akaike’s information criterion; CI, confidence interval; SE, standard error.

but not in females (Table 2), impacts of baseline LDL-C and HDL-
C levels on incidence of new-onset of CKD were assessed in
male subjects. Male subjects were divided into three subgroups
according to tertiles in levels of LDL-C and HDL-C at baseline
(T1∼T3). Cox proportional hazard model analysis showed that
the HRs for new onset of CKD in the T2 and T3 groups of LDL-
C were significantly higher than that in the T1 group of LDL-C
in the unadjusted model (Fig. 2A, left panel). After adjustment
for age, BMI, systolic blood pressure, smoking habit, hemoglobin,
albumin, uric acid, fasting plasma glucose, hematuria and pro-
teinuria at baseline and also new onsets of hypertension, dia-
betes mellitus and ischemic heart disease as time-dependent
variables, HR in the T3 group of LDL-C was still significantly
higher than that in the T1 group of LDL-C [HR: 1.39 (95% CI:
1.02–1.90), P = .035] as shown in the right panel of Fig. 2A. Al-
though the HR for the new onset of CKD in the T3 group of HDL-
C was significantly lower than that in the T1 group of HDL-C in
the unadjusted model, there was no significant difference in the
incidence of CKD between the three subgroups of HDL-C af-
ter adjustment for the above covariates (Fig. 2B). We conducted
a similar analysis for the tertiles of non-HDL-C at baseline in
males. HR in the T3 group of non-HDL-C was 1.81 (95% CI: 1.39–
2.37, P <.001) compared with the T1 group as a reference in an
unadjusted model and HR tended to be high [HR: 1.36 (95% CI:

0.98–1.87), P = .060] in the model with adjustment for the con-
founding variables stated above.

As a post hoc analysis, Cox proportional hazard model analy-
sis was repeated by using the chronicity criterion to define the
new onset of CKD. As shown in Supplementary data, Fig. S2, re-
sults of the post hoc analysis also showed thatHRs in the T3 group
of LDL-C were significantly higher than those in the T1 group of
LDL-C in both the unadjustedmodel [HR: 1.67 (95% CI: 1.32–2.11),
P ≤ .001] and the adjustedmodel [HR: 1.304 (95% CI: 1.001–1.701),
P = .049].

DISCUSSION

To our knowledge, this study is the first longitudinal study in
which the relationships of comprehensive lipid fractions with
the time course of renal function and new onset of CKD during
a follow-up period of 10 years were investigated using linear
mixed effect models in subjects with neither hypertension nor
diabetes. In male subjects, there was a significant interaction
between follow-up year and LDL-C at baseline for eGFR during
the follow-up period, suggesting that a higher level of LDL-C
at baseline is associated with a larger decline in eGFR during
the follow-up period. Cox proportional hazard model analysis
showed that a high level of LDL-C was a significant risk factor
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(n = 1263)
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(n = 1129)

T3 (61–129)
(n = 1131)
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HR [95% CI]

1.65 [1.27–2.15]
(p < 0.001)

1.41 [1.07–1.85]
(p = 0.026) 

Unadjusted Adjusted

HR of CKD (eGFR < 60 ml/min/1.73 m2) development

A  LDL-C

B  HDL-C

1.0 [Reference]

0.68 [0.52–0.89]
(p = 0.002)

0.83 [0.64–1.06]
(p = 0.052)

1.0 [Reference]

HR [95% CI]

1.39 [1.02–1.90]
(p = 0.035)

1.13 [0.82–1.56]
(p = 0.422)

1.0 [Reference]

0.86 [0.68–1.10]
(p = 0.104)

0.92 [0.74–1.15]
(p = 0.368)

FIGURE 2: Hazard ratio of chronic kidney disease (CKD) development by levels of low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol
(HDL-C) at baseline in male subjects. (A, B) Cox proportional hazard models for the development of CKD defined as estimated glomerular filtration rate (eGFR) <60
mL/min/1.73m2 in first tertile (T1), second tertile (T2) and third tertile (T3) of levels of LDL-C (A) and HDL-C (B) at baseline. Adjusted model: adjustment for age, body

mass index, systolic blood pressure, smoking habit, hemoglobin, albumin, uric acid, fasting plasma glucose, hematuria and proteinuria at baseline and new onset of
hypertension, diabetes mellitus and ischemic heart disease during the follow-up period. CI, confidence interval; HR, hazard ratio.

for the new onset of CKD. Interaction between follow-up year
and HDL-C level at baseline was positively associated with the
eGFR during the follow-up period in male subjects, but a low
level of HDL-C was not a significant risk factor for the new onset
of CKD. On the other hand, there was no significant interaction
for eGFR during the follow-up period between the level of each
of the lipid fractions and the follow-up year in overall female
subjects. These findings suggest that a high level of LDL-C at
baseline is associated with new onset of CKD in apparently
healthy males, though such an impact of LDL-C level on the
time course of renal function may not be significant in females.

The relationships between lipid fractions and the new onset
of CKD in a general population have been reported by five groups
of investigators [3–7] as summarized in Supplementary data,
Table S1. The earlier studies differ in characteristics of study
subjects, but HDL-C and/or TG/HDL-Cwere associatedwith a de-
cline in renal function in four of the five studies [3–6]. Interest-
ingly, such an impact of dyslipidemia on renal function has been
observed in groups of subjects with comorbidities; an associa-
tion of increased TG/HDL-C level with decline in renal function
was reported for patients with type 2 diabetes mellitus [16] and
patients with hypertension [17]. In contrast to the four earlier
studies in general populations [3–6], a study by Kuma et al. [7]
showed that an increased LDL-C level, but not an increased level
of HDL-C or TG, was associated with a decline in eGFR in males
without hypertension or diabetes mellitus, while such an asso-
ciation was not observed in males with hypertension and/or di-
abetes mellitus. Taken together, the results of the present study
and the study by Kuma et al. [7] support the notion that elevation
of LDL-C is significantly associated with a subsequent decline in
eGFR in apparently healthy males and suggest that the discrep-
ancy in the relationship of decline in eGFR with HDL-C or TG in
earlier studies is due to different proportions of study subjects

with pre-existing hypertension and diabetesmellitus,major risk
factors of CKD [5, 18].

An association between baseline LDL-C level and subse-
quent decline of eGFR was observed in males but not in females
(Table 2). The reason for this sex difference is unclear, but there
are a few possibilities. First, renal sensitivity to detrimental
effects of CKD risk factors might be higher in males than in
females. The natural history of decline in eGFR with aging has
been reported to be slower in females than in males [19] and
multiple mechanisms have been proposed for the sex difference
in decline in eGFR [9]. One of the mechanisms is the action of
estrogen, which reduces renal damage through its antifibrotic
and anti-apoptotic effects [20–22], its effect on nitric oxides [23]
and its antioxidant effects [24–26]. In contrast, testosterone has
pro-inflammatory, pro-apoptotic and pro-fibrotic effects [27, 28],
possibly facilitating renal injury. Although estrogen decreases
sharply after menopause, 1788 (86.6%) of the 2063 female
subjects were under 52 years of age, the average menopause
age in Japanese women [29], and thus were likely to be at pre-
menopause. Second, the difference in qualities of LDL-C might
contribute to the sex difference in effects of LDL-C on eGFR. Lev-
els of oxidized LDL-C can be different between male and female
populations with different levels of central obesity [30] and the
levels of several enzymes influencing lipoprotein subclass dis-
tribution (such as lipoprotein lipase, cholesterol ester transfer
protein and paraoxonase) are regulated by sex hormones [31].
Third, a lack of sufficient statistical power might be responsible
for the apparent absence of an association between baseline
LDL-C and GFR decline during the follow-up period in females.
The number of enrolled male subjects was about 1.5-times
larger than that of female subjects. These possible explanations
need to be examined by a detailed analysis of serum lipid
subclasses and qualities in a larger study population.
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The lipid nephrotoxicity hypothesis has recently been pro-
posed [32, 33], and possible mechanisms of the toxicity are in-
flammation, oxidative stress and endothelial dysfunction. Dys-
lipidemia increases reactive oxygen species and the increase
in reactive oxygen species causes impairment of endothelium-
dependent relaxation [32, 33] and is associated with elevation of
oxidized LDL-C level [34]. Oxidized LDL-C induces inflammation
at the microvascular level and promotes glomerular sclerosis
via signaling of angiotensin II/receptor or transforming growth
factor-β/receptors [35–37]. Whether such a mechanism under-
lies the increased risk of CKD by a high level of LDL-C in males
(Fig. 2) remains to be elucidated.

Recently, the impact of dyslipidemia on the development of
CKD was investigated by Mendelian randomization analysis [38,
39]. A study by Emanuelsson et al. indicated a significant rela-
tionship between LDL-C and a high risk of CKD [38], being con-
sistent with the present observations. They used a weighted al-
lele score, which reflects the combined effects of the included
genetic variants on circulating LDL-C levels and increases study
power. In contrast, Lanktree et al. did not find such an indepen-
dent relationship between LDL-C and the risk of CKD. However,
the study subjects had a higher prevalence of diabetes mellitus
or hypertension and there was a more heterogenous comorbid-
ity status in the study by Lanktree et al. [39] than those in the
study by Emanuelsson et al. [38]. The differences in the back-
ground of study subjects are plausible explanations for the dis-
crepancy.

The present study has some limitations. First, the possibil-
ity of selection bias in the samples cannot be excluded since
the study subjects were not randomized and were urban resi-
dents who received annual health checkups in a single clinic.
In the present study, a total of 10 491 subjects who did not re-
ceive health examinations in 2016 and at least once in the pe-
riod from 2007 to 2015 were excluded. Annual medical checkups
for employees in a company are obligatory in Japan, and most
of the recruited subjects were employees of companies near the
clinic. Some of the subjects would have moved to other cities
during the 10-year period. Second, since proteinuria and hema-
turia were determined by the dipstick method, incipient kidney
diseases might not have been detected in this study. Third, be-
cause subjects who had TG ≥400 mg/dL were excluded to calcu-
late LDL-C by the Friedewald formula, the impact of hypertriglyc-
eridemia on renal function could not be examined. Finally, since
most of the subjects in the present study were in middle age,
the present observations might not be directly extrapolated to
elderly people.

In conclusion, the results of the present study using mostly
middle-aged subjects suggest that a high level of LDL-C is asso-
ciated with a decline in eGFR and an increase in CKD risk during
the following 10 years in apparently healthy males. Such an as-
sociation of LDL-C level with change in eGFR was not detected
in apparently healthy females.
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