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Table 3 continued

Univariate Multivariate
OR 95 % CI OR 95 % CI
Lowest Highest Lowest Highest
Antidiabetic 2.802 2.538 3.094 1.248 1.108 1.405
Antihyperlipidemic 1.383 1.297 1.474 1.040 0.969 1.115
Current smoking 1.215 1.086 1.358 1.373 1.219 1.546
Daily drinking 0.867 0.776 0.968 0.926 0.826 1.038

31 Univariate analysis (Men)

251 Multivariate analysis (Men)
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Fig. 1 OR and 95 % CI for proteinuria (urine dipstick protein >14-)
by grading BMI. Subjects were divided by BMI grading as shown on
the x axis. The OR for proteinuria of each subgroup was calculated by
univariate (upper panels) and multivariate (lower panels) logistic
analyses with the subgroup BMI range of 21.5-22.4 as a reference.

reasons for this finding are that subjects with proteinuria
and undetected kidney disease might have a lower BMI,
or that low BMI subjects who might have had low birth
weight and a smaller number of nephrons [31, 32] had
an increased risk for hyperfiltration, resulting in kidney

Multivariate analysis was conducted by adjusting for age, waist
circumference, eGFR, SBP, FPG, TG, LDL cholesterol, use of
antihypertensive, antidiabetic, or antihyperlipidemic medication, and
lifestyle factors (drinking, smoking)

damage and proteinuria. This hypothesis could not be
clarified because of the cross-sectional nature of this
study.

Some studies have focused on the influence of alcohol
intake on proteinuria. Analyzing the autopsy data of
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Fig. 2 OR and 95 % CI for
proteinuria (urine dipstick
protein >1+). The OR for
proteinuria of each covariate
was calculated by univariate
(open circles, OR and 95 % CI)
and multivariate (closed circles
OR and 95 % CI) logistic
analyses. Multivariate analysis
was conducted by adjusting for
the grading of BMI, age, waist
circumference, eGFR, SBP,
FPG, TG, LDL cholsterol, use
of antihypertensive,
antidiabetic, or
antihyperlipidemic medication,
and lifestyle factors (drinking,
smoking)

Fig. 3 Effect of age on the
association between BMI and
proteinuria. To examine
whether age affects the
association between BMI and
proteinuria, ORs by age groups
for proteinuria were calculated
according to the degree of BMI
after adjustment by waist
circumference, SBP, FPG, TG,
LDL, eGFR, antihypertensive
medication, antidiabetic
medication, antihyperlipidemic
medication, current smoking
and daily drinking. In the lowest
BMI groups in both genders,
there was a trend for the
younger subjects to have a
greater OR for proteinuria.
Lowest BMI groups showed
significant ORs relative to the
reference, except in the

50-59 year age group in men;
on the other hand, all age groups
in the lowest BMI groups in
women revealed significant ORs
for proteinuria
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Japanese—Americans in Hawaii revealed less renal arteri-
olar hyalinization in subjects taking alcohol at 30 ml/day
than in those without alcohol intake [33]. Alcohol intake at
least once a week has been reported to be a significant
inverse risk factor for proteinuria in Japanese people [34].
On the other hand, moderate to heavy alcohol intake was
reported to be a significant risk factor for albuminuria in
Australians [35]. Our data only refer to ‘daily drinking,’ so
we are unable to assess the level of alcohol intake; how-
ever, it is not an unusual finding that daily drinking is an
inverse risk factor for proteinuria.

Limitations

This study was cross-sectional, so we are unable to infer
causality related to proteinuria. There might have been
some biases towards participants who were particularly
motivated to undergo a health examination. Many sub-
jects were excluded because of missing data. Urine
dipstick analyses were also performed manually. The
visual judgment associated with this analysis can thus be
considered as another limitation. In particular, some of
the cases of dipstick-positive proteinuria could have been
transient, and the presence of persisting proteinuria was
not confirmed. Physiological proteinuria could not be
ruled out because the dipstick test for detecting pro-
teinuria was only carried out once. Urine specific gravity
and pH were not recorded; therefore, the effect of urine
concentration on test performance was not assessed.
Furthermore, a relatively high false-positive rate for
proteinuria by judging isolated dipstick test results was
reported [36].

Summary

We examined the association between BMI and protein-
uria, and compared the risk of proteinuria among those
classified into different levels of BMI in a large (>200,000)
Japanese database of health check-up data of adults with no
pre-existing cardiovascular diseases. We found that BMI
levels were associated with proteinuria in a U-shape and
that there were remarkable gender differences in this
regard. Health guidance should not only focus on higher
BMI subjects but also on the thinnest subjects in terms of
the prevention of CKD.
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Objectives: To investigate the relationship between triglycerides to high-density lipoprotein cholesterol
ratio (TG/HDL-C) and chronic kidney disease (CKD).

Methods: We used data from 216,007 Japanese adults who participated in a nationwide health checkup
program. Men (n = 88,516) and women (n = 127,491) were grouped into quartiles based on their TG/
HDL-C levels (<1.26, 1.26—1.98, 1.99—3.18, and >3.18 in men; <0.96, 0.96—1.44, 1.45—-2.22, and >2.22
in women). We cross-sectionally assessed the association of TG/HDL-C levels with CKD [defined as an
estimated glomerular filtration rate (eGFR) of <60 mL/min/1.73 m? (low eGFR) and/or proteinuria

ds:
g;;;\;v:irc f(idney disease (defined as urinary protein >1+ on dipstick testing)], low eGFR, and proteinuria.
Diabetes Results: The prevalence of CKD, low eGFR, and proteinuria increased significantly with elevating quar-
Hypertension tiles of TG/HDL-C in both genders (all P for trend <0.001). Participants in the highest quartile of TG/HDL-

Japanese population

C had a significantly greater risk of CKD than those in the lowest quartile after adjustment for the

Triglycerides to high-density lipoprotein
cholesterol ratio

relevant confounding factors (odds ratio: 1.57, 95% confidence interval: 1.49—1.65 in men; 1.41, 1.34—1.48
in women, respectively). Furthermore, there were significant associations with low eGFR and proteinuria.
In stratified analysis, the risk of CKD increased linearly with greater TG/HDL-C levels in participants with
and without hypertension, diabetes, and obesity. Moreover, higher TG/HDL-C levels were relevant for
CKD, especially in participants with hypertension and diabetes (P for interaction <0.001, respectively).
Conclusions: An elevated TG/HDL-C is associated with the risk of CKD in the Japanese population.

© 2014 Elsevier Ireland Ltd. All rights reserved.
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elevated levels of triglycerides (TG) and a decreased level of high-
density lipoprotein cholesterol (HDL-C) [2—7].

Recent studies have shown that there is an association be-
tween TG/HDL-C and insulin resistance and that TG/HDL-C may be
a better predictor of cardiovascular events than other lipid pa-
rameters, including TG, low-density lipoprotein-cholesterol (LDL-
C), or the total cholesterol/HDL-C ratio [8—11]. In addition, TG/
HDL-C has also been shown to predict the LDL particle size [12—
14]. However, little is known about the association between TG/
HDL-C and CKD. In the present study, we investigated the asso-
ciation between TG/HDL-C and CKD in a nationally representative
group of Japanese adults.

2. Methods
2.1. Study population

This cross-sectional cohort study was conducted as a part of the
prospective ongoing project entitled “Research on the Positioning
of Chronic Kidney Disease in Specific Health Check and Guidance in
Japan”, and it was based on data obtained from the Japanese Spe-
cific Health Check and Guidance System. This annual health check
program was initiated in 2008 by the Japanese government and it
promotes the early diagnosis of metabolic syndrome and inter-
vention strategies for the prevention of this disease. In 2008 and

Table 1
Clinical features of all subjects.
Variables Men Women P value
(n=88516) (n=127,491)

Age, years 63.8 £89 63.8 £85 0.77

Body mass index, kg/m? 237 £3.0 228 +£35 <0.001
Waist circumference, cm 853 +8.2 82.6 =938 <0.001
Systolic blood pressure, mmHg 131 £ 17 128 £ 18 <0.001
Diastolic blood pressure, mmHg 78 £ 11 75+ 11 <0.001
Fasting blood glucose, g/dL 102 + 25 95+ 18 <0.001
Hemoglobin Alc, % 54+08 53+06 <0.001
LDL-C, mg/dL 121 £ 30 130 + 30 <0.001
HDL-C, mg/dL 57 £ 15 66 + 16 <0.001
TG, mg/dL 133 + 96 107 + 61 <0.001
TG/HDL-C 2.66 +2.59 1.83 + 1.50 <0.001
Serum creatinine, mg/dL 0.84 + 0.27 0.63 + 0.19 <0.001
Estimated GFR, mL/min/1.73 m? 74.7 + 16.6 76.1 +£16.3 <0.001
Low eGFR, % 17.7 114 <0.001
Proteinuria, % 82 4.0 <0.001
Chronic kidney disease, % 233 14.5 <0.001
Hypertension, % 51.4 42.7 <0.001
Diabetes mellitus, % 15.7 8.4 <0.001
Obesity, % 31.0 23.0 <0.001
Current smoker, % 253 519 <0.001
Daily drinker, % 449 83 <0.001
Regular exercise, % 47.6 39.8 <0.001
History of stroke, % 53 2.8 <0.001
History of heart disease, % 83 52 <0.001
Medication for hypertension, % 34.2 29.0 <0.001
Medication for diabetes mellitus, % 7.5 4.1 <0.001
Medication for dyslipidemia, % 12.9 229 <0.001

Low eGFR was defined as eGFR <60 mL/min/1.73 m?. Proteinuria was defined as
urinary protein of >1+ on dipstick testing. Chronic kidney disease was defined as
low eGFR and/or proteinuria. Hypertension was defined as a systolic blood pressure
>140 mmHg, diastolic blood pressure >90 mmHg, or self-reported use of antihy-
pertensive drugs. Diabetes was defined in accordance with American Diabetes As-
sociation guidelines as a fasting glucose concentration of >126 mg/dL, hemoglobin
Alc concentration of >6.5%, or self-reported use of antihyperglycemic drugs. TG/
HDL-C was calculated as TG (mg/dL) divided by HDL-C (mg/dL).

Abbreviations: LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density li-
poprotein cholesterol; TG, triglycerides; GFR, glomerular filtration rate; eGFR,
estimated GFR.

20009, data were collected from 676,905 individuals participated in
the health checkups. Men (n = 278,017) and women (n = 383,586)
involved were between 20 and 101 years of age. For our study, data
from 216,007 of the participants (88,516 men and 127,491 women)
aged between 20 and 88 years were used for statistical analyses.
(We excluded 460,898 participants because essential data,
including information on proteinuria and serum creatinine levels,
were unavailable.) This study was conducted in accordance with
the Private Information Protection Law and ethical guidelines for
epidemiology research published by the Ministry of Health, Labour
and Welfare in 2005.

2.2. (linical evaluation and laboratory measurements

All participants completed a self-administered questionnaire
that documented their medical history, current medications,
smoking habits (current smoker or not), alcohol consumption
(daily drinker or not), and regular exercise habits. A study physician
physically examined every participant and checked the partici-
pants’ reported medical history to ensure the accuracy of the in-
formation. The height and weight of participants were measured,
and their body mass index (BMI) was calculated (kg/m?). For these
measurements, participants wore light clothing without shoes.
Blood pressures were measured and blood as well as urine sam-
pling was done at each participant’s local medical institute, as
stipulated by the health check program.

Blood samples were collected after participants fasted overnight
and the blood was analyzed using an automated clinical chemical
analyzer within 24 h of sampling. All blood analyses were con-
ducted at a local, rather than a central, laboratory. Although the
methods used for blood analyses were not calibrated between
laboratories, the Japan Society of Clinical Chemistry-recommended
methods for laboratory tests several years ago, and these recom-
mendations have been widely adopted by laboratories across Japan.
The enzymatic method was used to measure serum creatinine
levels in fresh blood samples. Levels of LDL-C, HDL-C, and TG were
determined enzymatically. Hemoglobin Alc (HbA1c) values were
expressed as a National Glycohemoglobin Standardization Program
equivalent value, which was calculated according to the following
formula:

HbA1c(%) = HbAlc (Japan Diabetes Society) (%) + 0.4%.

2.3. Definition of CKD, diabetes mellitus, obesity, hypertension, and
TG/HDL-C

The estimated glomerular filtration rate (eGFR) was calculated
using the following equation; eGFR (mL/min/1.73 m?) =
194 x serum creatinine (mg/dL)"1%%* x age (years) %287 x 0.739
(for women) [15]. Proteinuria was defined as urinary protein value
of >1+ with dipstick testing. CKD was defined as an eGFR <60 mL/
min/1.73 m? (low eGFR) and/or the presence of proteinuria. Hy-
pertension was defined as a systolic blood pressure (SBP) of
>140 mmHg, and/or a diastolic blood pressure (DBP) of >90 mmHg,
or self-reported use of antihypertensive drugs. Diabetes mellitus
was defined in accordance with the guidelines of the American
Diabetes Association [16]; fasting glucose concentration >126 mg/
dL, HbAlc concentration >6.5%, or self-reported use of anti-
hyperglycemic drugs. TG/HDL-C was calculated as TG (mg/dL)
divided by HDL-C (mg/dL). Male and female participants were
separately grouped into quartiles based on their TG/HDL-C levels.
TG/HDL-C levels for the quartile groups (Q) were as follows:
Q; < 1.26, Q2 1.26—1.98, Q3 1.99—3.18, and Q4 > 3.18 for men and
Q1 < 0.96, Q2 0.96—1.44, Q3 1.45—2.22, and Q4 > 2.22 for women.

= bl ==
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Table 2
Mean values or frequencies of relevant factors according to the quartiles of TG/HDL-C.
(A) Men
TG/HDL-C P for trend
Q Q Qs Q
<1.26 1.26-1.98 1.99-3.18 >3.18
(n = 22,126) (n = 22,126) (n =22,142) (n =22,122)
Age, years 644 + 8.7 64.4 + 8.5 639 + 8.8 623 + 9.5 <0.001
Body mass index, kg/m? 223 +28 234 +28 242 +29 249 +3 <0.001
Waist circumference, cm 81278 846+ 738 86.7 £ 7.7 88.7 £ 7.7 <0.001
Systolic blood pressure, mmHg 129 + 17 130 £ 17 131+ 17 132 £ 17 <0.001
Diastolic blood pressure, mmHg 77 £ 11 78 £ 11 78 £ 11 79 £ 11 <0.001
Fasting blood glucose, g/dL 99 + 21 101 + 22 102 £ 24 106 + 31 <0.001
Hemoglobin Alc,% 57 +07 57+0.7 58 +£0.8 59+09 <0.001
LDL-C, mg/dL 110 + 27 122 £ 28 128 + 29 125 £33 <0.001
HDL-C, mg/dL 73+ 15 60 + 11 53+ 10 45+9 <0.001
TG, mg/dL 64+ 16 95+ 19 131 £ 27 242 + 131 <0.001
TG/HDL-C 0.91 +0.23 1.60 + 0.20 2.51 4+ 034 5.61 =+ 3.69 <0.001
Hypertension, % 453 50.9 53.7 55.5 <0.001
Diabetes mellitus, % 124 140 159 20.4 <0.001
Obesity, % 15.8 27.0 35.6 45.6 <0.001
Current smoker, % 19.1 232 259 328 <0.001
Daily drinker, % 52.1 45.5 414 40.5 <0.001
Regular exercise, % 533 49.7 46.4 40.8 <0.001
History of stroke, % 49 5.6 55 5.1 041
History of heart disease, % 7.9 85 9.0 7.8 0.95
Medication for hypertension, % 295 345 37 35.8 <0.001
Medication for diabetes mellitus, % 7.1 73 74 8.1 <0.001
Medication for dyslipidemia, % 9.2 12.8 14.6 15.1 <0.001
(B) Women
TG/HDL-C P for trend
Q Q Qs Q1
<0.96 0.96—1.44 1.45-2.22 >2.22
(n=31,894) (n=31817) (n=31,918) (n =31,862)
Age, years 61.7 £ 9.7 63.7 +£ 85 64.7 £ 7.7 649 + 7.5 <0.001
Body mass index, kg/m? 212+29 223 %32 233 +34 243 + 35 <0.001
Waist circumference, cm 778 +£9.1 816 +£94 843 £ 94 868 +9 <0.001
Systolic blood pressure, mmHg 124 + 18 127 £17 129 + 17 131+ 17 <0.001
Diastolic blood pressure, mmHg 73 £ 11 74 + 10 75 £ 10 76 £ 10 <0.001
Fasting blood glucose, g/dL 92+ 14 94 + 16 96 + 17 99 + 22 <0.001
Hemoglobin Alc, % 56 £ 05 57 +0.5 57 £ 0.6 59+ 0.7 <0.001
LDL-C, mg/dL 118 £27 128 +£ 28 135+ 30 138 + 32 <0.001
HDL-C, mg/dL 82+15 70+ 11 62+ 10 51+9 <0.001
TG, mg/dL 57+ 13 82+15 109 £ 20 180 + 74 <0.001
TG/HDL-C 0.71 £ 0.16 1.18 + 0.14 1.78 £ 0.22 3.66 £ 1.97 <0.001
Hypertension, % 315 40.1 46.3 53.0 <0.001
Diabetes mellitus, % 4.8 6.5 8.9 134 <0.001
Obesity, % 9.7 183 273 36.8 <0.001
Current smoker, % 5.1 52 5.7 75 <0.001
Daily drinker, % 12 8.6 6.6 59 <0.001
Regular exercise, % 40.5 40.3 40 38.5 <0.001
History of stroke, % 22 2.7 3.1 33 <0.001
History of heart disease, % 42 52 53 6.0 <0.001
Medication for hypertension, % 19.6 26.6 324 37.5 <0.001
Medication for diabetes mellitus, % 27 34 42 6.1 <0.001
Medication for dyslipidemia, % 17 219 25.8 27 <0.001

Hypertension was defined as systolic blood pressure >140 mmHg, diastolic blood pressure >90 mmHg, or self-reported use of antihypertensive drugs. Diabetes was defined in
accordance with American Diabetes Association guidelines as a fasting glucose concentration of >126 mg/dL, hemoglobin Alc concentration of >6.5%, or self-reported use of
antihyperglycemic drugs. TG/HDL-C was calculated as TG (mg/dL) divided by HDL-C (mg/dL).

Abbreviations: LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides.

2.4. Statistical analyses

Independent two-tailed t-tests and chi-square tests were used
for the analysis of continuous and categorical variables, respec-
tively. We used a linear regression model to compare the mean
values of possible risk factors between the quartile groups in each
gender. The age- or multivariate-adjusted odds ratios (ORs) and
95% confidence intervals (Cls) for CKD, low eGFR, and proteinuria

were determined by logistic regression model adjusted for poten-
tial confounding covariates. The confounding covariates used for
adjustment included waist circumference, hypertension, obesity,
diabetes, a current smoking habit, daily alcohol consumption,
regular exercise habits, history of stroke and heart disease, and
medication for dyslipidemia. We tested for heterogeneity in the
relationship between subgroups by adding a multiplicative inter-
action term in our statistical model. All statistical analyses were
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Fig. 1. The prevalence of CKD, low eGFR and proteinuria in participants with different TG/HDL-C. The prevalence of CKD (A), low eGFR (B) and proteinuria (C) increased as TG/HDL-C
in men (closed bars) and women (open bars) increased. Low eGFR was defined as eGFR <60 mL/min/1.73 m?. Proteinuria was defined as urinary protein value of >1+ as measured
by dipstick testing. CKD was defined as a low eGFR and/or proteinuria. Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; TG/HDL; triglycerides/

high-density lipoprotein cholesterol.

performed with JMP version 9.0 software (SAS Institute, Inc., Cary,
NC, USA).

3. Results

Table 1 shows the characteristics of the 216,007 participants
(88,516 men and 127,491 women). The mean age of men and
women was similar. Compared with women, a significantly higher
percentage of men had proteinuria (as indicated by a value of >1+
on dipstick testing) and CKD. The mean serum levels of LDL-C and
HDL-C, and the percentage of participants who took medication for
dyslipidemia in women were significantly higher than those in
men.

Table 2 shows the mean values or frequencies of potential risk
factors in the quartile groups for men (Table 2A) and women
(Table 2B). The frequency of hypertension, diabetes mellitus,
obesity, a current smoking habit, and medication for hypertension,
diabetes, and dyslipidemia also increased with higher TG/HDL-C

levels in both genders. On the other hand, the mean values for
HDL-C level as well as the frequencies for daily alcohol consump-
tion and regular exercise habits decreased in both men and women.
We observed opposite trends with regards to the association be-
tween age and TG/HDL-C; there was an inverse association be-
tween age and TG/HDL-C among men and a positive association
between age and TG/HDL-C among women.

Fig. 1 presents the prevalence of CKD, low eGFR, and proteinuria
among men and women according to TG/HDL-C levels. The preva-
lence of CKD increased 1.5—fold higher in the highest TG/HDL-C
quartile group than in the lowest group in men (18.6% in Q,
21.9% in Qg, 25.4% in Qs, and 27.5% in Q4, P for trend <0.001) and
doubled in women (11.1%, 13.3%, 15.1%, and 18.5%, respectively, P for
trend <0.001). Similar trends in the prevalence of low eGFR and
proteinuria were also observed in both genders.

The age-adjusted or multivariate-adjusted ORs and 95% CIs for
the presence of CKD, low eGFR, and proteinuria according to TG/
HDL-C levels are shown in Table 3. The age-adjusted ORs for CKD,
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Table 3
Age- and multivariate-adjusted ORs and 95% Cls for the presence of CKD, low eGFR, and proteinuria according to the quartiles of TG/HDL-C.
(A) Men
TG/HDL-C P for trend
Q Q Qs Q
<1.26 1.26—-1.98 1.99-3.18 >3.18
(n =22,126) (n =22,126) (n =22,142) (n=22,122)
CKD
Cases, n (%) 4115 (18.6) 4847 (21.9) 5618 (25.4) 6079 (27.5)
Age-adjusted OR (95% CI) Reference 1.23 (1.18-1.29) 1.55 (1.48-1.62) 1.90 (1.82—-1.99) <0.001
Multivariate-adjusted OR (95% CI)" Reference 1.13 (1.08-1.18) 1.34 (1.28—-1.40) 1.57 (1.49-1.65) <0.001
Low eGFR
Cases, n (%) 3045 (13.8) 3732 (16.9) 4349 (19.6) 4538 (20.5)
Age-adjusted OR (95% CI) Reference 1.28 (1.22—-1.35) 1.62 (1.53-1.70) 1.92 (1.82-2.02) <0.001
Multivariate-adjusted OR (95% CI)" Reference 1.21 (1.15-1.28) 1.47 (1.39-1.55) 1.72 (1.63-1.82) <0.001
Proteinuria
Cases, n (%) 1404 (6.3) 1605 (7.3) 1915 (8.6) 2333 (10.5)
Age-adjusted OR (95% CI) Reference 1.15(1.07—-1.24) 1.41 (1.31-1.52) 1.81 (1.69-1.94) <0.001
Multivariate-adjusted OR (95% CI)* Reference 0.96 (0.89-1.03) 1.03 (0.95-1.11) 1.13 (1.04—-1.21) <0.001
(B) Women
TG/HDL-C P for trend
Q Q Q Q4
<0.96 0.96—1.44 1.45-2.22 >2.22
(n=31,894) (n=31817) (n=31918) (n =31,862)
CKD
Cases, n (%) 3551 (11.1) 4226 (13.3) 4812 (15.1) 5901 (18.5)
Age-adjusted OR (95% CI) Reference 1.14 (1.09—1.20) 1.28 (1.22—1.34) 1.63 (1.56—1.71) <0.001
Multivariate-adjusted OR (95% CI)* Reference 1.08 (1.03—1.14) 1.16 (1.10-1.22) 1.41(1.34-1.48) <0.001
Low eGFR
Cases, n (%) 2720 (8.5) 3370 (10.6) 3848 (12.1) 4614 (14.5)
Age-adjusted OR (95% CI) Reference 1.17 (1.11-1.23) 1.30 (1.23—-1.37) 1.60 (1.52—1.68) <0.001
Multivariate-adjusted OR (95% CI)" Reference 1.13 (1.07-1.20) 1.23 (1.17-1.30) 1.47 (1.39-1.55) <0.001
Proteinuria
Cases, n (%) 974 (3.1) 1075 (3.4) 1250 (3.9) 1838 (5.8)
Age-adjusted OR (95% CI) Reference 1.09 (0.99—-1.19) 1.25 (1.15-1.37) 1.88 (1.74—-2.04) <0.001
Multivariate-adjusted OR (95% CI)° Reference 0.94 (0.86—1.03) 0.96 (0.88—1.05) 1.23 (1.13—-1.34) <0.001

Abbreviations: CKD; chronic kidney disease, TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate, OR; odds ratio, CI;

confidence interval,

2 Multivariate analyses were adjusted for age, waist circumstance, hypertension, obesity, diabetes, current smoking, daily alcohol consumption, regular exercise habits,

history of stroke and heart disease, and medication for dyslipidemia (Model 1 covariates).
b Multivariate analyses were adjusted for the presence of proteinuria in addition to Model 1 covariates.

€ Multivariate analyses were adjusted for eGFR in addition to Model 1 covariates.

low eGFR, and proteinuria significantly increased as the quartiles of
TG/HDL-C increased (P for trend <0.001). In both men and women,
ORs for Qo, Q3, and Q4 were significantly higher than the ORs for Q.
We also calculated the ORs for CKD, low eGFR, and proteinuria after
adjustment for age, waist circumference, hypertension, obesity,
diabetes, a current smoking habit, daily alcohol consumption,
regular exercise habits, history of stroke and heart disease, and
medication for dyslipidemia. Proteinuria was adjusted in the
analysis of eGFR, and vice versa. The OR for the presence of CKD
increased progressively with higher TG/HDL-C levels in men [Qa:
OR 1.13 (95% CI 1.08—1.18); Q3: 1.34 (1.28—1.40); Q4: 1.57 (1.49—
1.65); P for trend <0.001] and in women [1.08 (1.03—1.14), 1.16
(1.10-1.22), 1.41 (1.34—1.48), respectively; P for trend <0.001].
Furthermore, there were significant associations with risk of low
eGFR and proteinuria in both genders. We also performed stratified
analyses to assess the association between TG/HDL-C and CKD ac-
cording to the presence of hypertension, diabetes, or obesity, and
found that the risk of CKD increased linearly with greater TG/HDL-C
levels in participants with and without hypertension, diabetes, and
obesity. Moreover, higher TG/HDL-C level was a relevant factor for
CKD, especially in participants with hypertension and diabetes (P
for interaction <0.001, respectively) (Fig. 2).

4. Discussion

CKD is a major public health problem, and the identification of
risk factors for the development of CKD may well be useful for early
intervention and prevention strategies. The results of our large
cohort study, which represented the general population of Japan,
show that higher TG/HDL-C level in Japanese adults is significantly
associated with the risk of CKD. We found that an elevated TG/HDL-
Clevel was an independent and relevant factor for CKD in both men
and women, even after adjustment for the relevant potential con-
founding factors. In stratified analyses, elevated TG/HDL-C levels
were significantly associated with the likelihood of having CKD,
independently of hypertension, diabetes, and obesity. Higher TG/
HDL-C levels were relevant for CKD, especially in participants
with hypertension and diabetes.

It seems strange that the trends for history of stroke and heart
disease are not statistically significant in men. We suspected that it
might be attributed to the inverse trend between age and TG/HDL-
C, thus examined the association of TG/HDL-C with history of stroke
and heart disease with adjustment for age. As a result, significant
positive trends for history of stroke (P for trend <0.001) and heart
disease (P for trend <0.001) were observed in TG/HDL-C after
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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 dyslipidemia 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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