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Background & aims: It is well-known that high protein intake is associated with renal hyperfiltration and
faster renal function decline, but the association of other macronutrients, carbohydrate and fat, with
development of chronic kidney disease (CKD) is still inconclusive. Therefore, we aimed to examine the
relationship between fat-to-carbohydrate intake ratio (F/C ratio) and incident CKD.
Methods: We included 9226 subjects from the Korean Genome and Epidemiology Study. The subjects
were divided into two groups depending on 1 g protein intake per ideal body weight per day. Primary
exposure was the F/C ratio defined as calorie intake of fat/calorie intake of fat and carbohydrate. The
primary outcome was the development of CKD, which was defined as an estimated glomerular filtration
rate (eGFR) of <60 mL/min/1.73 m2 and/or proteinuria (�1þ).
Results: During a median follow-up duration of 11.4 years, 778 (8.4%) CKD events occurred. Subjects in the
lowest F/C ratio tertile had faster eGFR decline rate than other tertiles. In multivariable Cox analysis, a
significantly higherCKD riskwasobserved in the lowest tertilewhenprotein intake>1g/kg/day (hazard ratio
[HR] for T1 (<16.1%) vs. T3 (>21.5%), 1.38; 95% confidence interval [CI], 1.03e1.84; P ¼ 0.031). In sensitivity
analysis, subjectsmaintained lowF/C ratio diet (<16.1%) during4 years showedhigher risk of subsequentCKD
development than those maintained high F/C ratio diet (�16.1%; HR, 1.70; 95% CI, 1.10e2.63; P ¼ 0.018). In
cubic splineanalysis, CKD riskwas sharply increased inF/C ratio<16.1%, but the riskwasnearlyconstant inF/C
ratio �16.1%.
Conclusions: A diet with a low F/C ratio was associated with increased risk of CKD in the general pop-
ulation. Therefore, it is necessary to limit excessive high carbohydrate and low fat intake to prevent CKD
development in this population.

© 2021 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Chronic kidney disease (CKD) is a major public health issue that
consumes substantial financial and social resources [1]. Moreover,
CKD is a risk factor for hypertension and cardiovascular disease
(CVD), which together constitute a substantial cause of morbidity
andmortality in the general population [1]. Lifestylemodification is
an effective and inexpensivemethod to prevent metabolic diseases.
onchunhyang University, 22
Korea. Fax: þ82 2 792-5812.

for Clinical Nutrition and Metabo

ser (n/a) at Aziende Socio Sanitarie T
al use only. No other uses without pe
It is well known that unhealthy lifestyle-related factors including
smoking, alcohol use, physical inactivity, and unhealthy dietary
pattern promote CKD [2e4]. A recent study reported that a sub-
optimal diet can cause burden due to CVD, type 2 diabetes, and CKD
worldwide, regardless of the geographic region [5]. Therefore,
healthy dietary patterns, including higher intake of vegetables,
fruits, and whole grains and lower intake of processed meat and
sugar-sweetened beverages, are reported to be associated with a
lower incidence of CKD [6].

However, most dietary studies related to CKD targeted salt and
protein. Especially, intake of a high-protein diet is considered to
increase the risk of renal hyperfiltration in the general population
[7]. Furthermore, a high-protein diet aggravates CKD progression
lism. All rights reserved.
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[8]. Thus, a low-protein diet is usually suggested for the prevention
of renal function decline [9,10]. However, maintaining a low-
protein diet without supplementing other nutrients can cause
malnutrition, which is prevalent in patients with CKD [11,12]. There
have been some studies about role of nutrients other than protein
in the prevention of CKD development [8,13e16]. Previously, a
carbohydrate-rich diet was reported to be associated with
increased risk of CKD [16]. However, low carbohydrate diet with
high protein was also associated with increased CKD risk [8]. In
addition, not total fat, but high intake of polyunsaturated fatty acid
had significant relationship with low risk of CKD [13]. However,
high fat and sugar diet was associated with high odds of CKD
development [15]. Therefore, it is still inconclusive concerning the
ideal ratio of carbohydrate and fat. In particular, only few studies
have been examined on the balance between carbohydrates and fat
to preserve renal function.

Therefore, this study aimed to investigate the relationship be-
tween fat-to-carbohydrate intake ratio (F/C ratio) and incident CKD
in a Korean community-based cohort. In particular, this relation-
ship was examined separately according to protein intake.

2. Materials & methods

2.1. Study subjects

Subjects were recruited from the Korean Genome and Epide-
miology Study (KoGES), a prospective community-based cohort
study. A detailed profile and methods performed in the KoGES
cohort have been described elsewhere [17]. Briefly, the study cohort
consisted of 10,030 subjects aged 40e69 years who were residents
of Ansan or Ansung, two cities located in South Korea. They un-
derwent government-sponsored medical health checkups and
various surveys at baseline. Serial health examinations and surveys
were performed biennially from 2001 to 2014. In our study, we
selected subjects for whom information including diet was avail-
able for the initial survey. We excluded those with estimated
glomerular filtration rate (eGFR) < 60 mL/min/1.73 m2 (n ¼ 187),
proteinuria or underlying kidney disease at baseline (n ¼ 278),
missing data, and missing follow-up creatinine data (n ¼ 339).
Finally, 9226 subjects were included in the analysis (Fig. 1). The
study protocol was approved by the Ethics Committee of KoGES at
the Korean National Institute of Health. This study was performed
in accordancewith the Declaration of Helsinki andwas approved by
the Institutional Review Board of Soonchunhyang University Seoul
Hospital (IRB No. 2020-02-006).

2.2. Anthropometric and laboratory data

All subjects underwent comprehensive medical health exami-
nation and completed questionnaires about health and lifestyle
factors at the time of study entry. Demographic and socioeconomic
data, including data on age, sex, education level and income,
smoking status, alcohol intake, and medical histories, were ob-
tained. Anthropometric parameters such as height and bodyweight
were measured by skilled study workers according to standard
methods. Blood and urine samples were obtained after 8 h fasting
and transported to a central laboratory (Seoul Clinical Laboratories,
Seoul, Korea) within 24-h sampling. Serum concentrations of blood
urea nitrogen, creatinine, hemoglobin, albumin, glucose, total
cholesterol, triglyceride, high-density lipoprotein cholesterol, low-
density lipoprotein cholesterol, glycated hemoglobin, and C-reac-
tive protein were measured. Serum creatinine levels were
measured according to the method for standardization to the
isotope dilution mass spectrometry reference, and eGFR was
calculated using Chronic Kidney Disease Epidemiology
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Collaboration equation [18,19]. Urine samples were collected in the
morning after the first voiding and analyzed using the dipstick test.
Participants of KoGES were asked to report their daily intensity of
activity. Activity intensity was classified into 5 categories: seden-
tary, very light, light, moderate, and heavy according to MET values
[20]. Total physical activity per day was calculated by multiplying
MET values of intensity categories by the time spent on each.

2.3. Assessment of dietary intake

At baseline and the second follow-up examination, dietary
intake was assessed by trained dietitians using a semi-quantitative
food frequency questionnaire (FFQ). Details of this questionnaire,
including its relative validity, have been published elsewhere [21].
The FFQ was investigated by 13 dietitians who were trained using
the prepared protocol. The second follow-up was performed at a 4-
years interval from baseline. The FFQ was subsequently validated
using 12-day diet records as a reference method and re-
administration of the FFQ among 124 cohort participants. The
correlation coefficients for each dietary component by these two
methods ranged between 0.23 and 0.64, and the proportion of
classification into opposite quartiles by nutrient intake from each
method was <7%.

2.4. Main exposure

The main exposure of interest was the F/C ratio, which was
defined as the ratio of fat intake to total intake of fat and carbo-
hydrate (calorie intake of fat/(calorie intake of
fatþ carbohydrate)� 100). Depending on the details in the FFQ, the
subjects were first categorized into two groups according to 1 g
protein intake per ideal body weight (kg) per day [10,22], and then
each protein group was divided into tertiles of F/C ratio.

2.5. Primary outcome

The primary outcome was incident CKD, which was defined as
the occurrence of proteinuria or a decrease in eGFR. Proteinuriawas
defined as �1þ on the dipstick test, and a decrease in eGFR was
defined as eGFR <60 mL/min/1.73 m2. Incident CKD was confirmed
when proteinuria or decrease in eGFR was identified at least twice
during the follow-up period.

2.6. Statistical analysis

Continuous variables were expressed as mean ± standard de-
viation, and categorical variables were expressed as absolute
numbers with percentages. The KolmogoroveSmirnov test was
performed to determine the normality of the distribution of the
parameters. Intergroup comparisons were performed using one-
way analysis of variance for normally distributed continuous vari-
ables, while non-normally distributed data were presented as
median and interquartile range and were compared using the
KruskaleWallis test. Categorical variables were examined using the
chi-square test or Fisher's exact test. Furthermore, to compare eGFR
trajectories between F/C ratio tertiles during the follow-up period,
we examined a linear mixed model with random intercept and
slope [23]. Multivariable Cox analysis was performed to evaluate
the relationship between F/C ratio and risk of CKD. In this analysis,
we constructed multi-step models. Model 1 was a crude model
without adjusting for covariables. In model 2, we adjusted for age,
sex, body mass index, education status, income level, smoking
status, alcohol consumption, physical activity, total calorie intake,
and daily intake of sodium and potassium. In model 3, following
variables were additionally adjusted tomodel 2: history of diabetes,
erritoriale Nord Milano from ClinicalKey.com by Elsevier on 
rmission. Copyright ©2021. Elsevier Inc. All rights reserved.



Subjects from the Korean Genome and Epidemiology Study 
(KoGES) between 2001 and 2014 (N = 10,030)

Exclusion (N = 804)
1) Baseline eGFR < 60mL/min/1.73 m2)
2) Underlying kidney disease at baseline
3) Missing data
4) Missing follow-up creatinine data

Final analysis (N = 9226)

Daily protein intake ≤ 1g/kg
(N = 3680)

Daily protein intake > 1g/kg
(N = 5546)

T1
(N = 1226)

T2
(N = 1228)

T3
(N = 1226)

T1
(N = 1848)

T2
(N = 1849)

T3
(N = 1849)

Fig. 1. Study subjects enrollment. Subjects were categorized into two groups according to protein intake of 1 g per ideal body weight (kg) in a day, and then each protein group was
divided into tertiles of F/C ratio. T1e3 represent the tertiles according to F/C ratio. T1 is the lowest and T3 is the highest amount of fat intake.
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dyslipidemia, anti-hypertensive medication use, serum levels of
high-density lipoprotein cholesterol, triglycerides, fasting glucose,
and baseline eGFR. The results were expressed as hazard ratios
(HRs) and 95% confidence intervals (CIs). In addition, restricted
cubic splines were used to evaluate non-linear continuous re-
lationships between F/C ratio and incident CKD using multivariable
Cox regression analysis. To evaluate changes in F/C ratio and risk of
CKD, we examined sensitivity analysis for subjects who completed
follow-up FFQ at the 4th-year visit. We categorized subjects into
four groups according to whether or not the F/C ratios in the
baseline and follow-up FFQs were less than the reference value of
16.1%. In this analysis, subsequent CKD events after a window
period of 4 years for the assessment of changes in the F/C ratio were
considered as outcomes (Fig. S1). Therefore, we excluded subjects
who did not complete the follow-up FFQ and those who had inci-
dent CKD during the 4-year window period, and sensitivity analysis
was performed for 6907 subjects. For all analyses, two-sided
P < 0.05 was considered statistically significant. All statistical an-
alyses were performed using SPSS software for Windows, version
21.0 (IBM Corporation, Armonk, NY, USA) and R language (version
3.6.2; R Foundation for Statistical Computing, Vienna, Austria).

3. Results

3.1. Baseline characteristics of the study subjects

Baseline characteristics of the subjects are shown in Table 1.
Mean ages of participants who consumed protein � 1 g/kg/day and
> 1 g/kg/day were 53.3 and 51.1 years old, respectively. In both
groups of protein diet, patients in the higher tertile group were
younger, were predominantly males, accounted for a higher pro-
portion of smokers, had higher alcohol intake, had low education
level, less history of hypertension, and had lower systolic blood
pressure than the lower tertile groups. In addition, serum levels of
albumin, total cholesterol, and fasting glucose were significantly
different among the F/C ratio tertiles in both protein diet groups.
Baseline eGFR tended to be higher in the higher F/C ratio tertiles of
the group of protein intake � 1 g/kg/day, but it was comparable
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among the F/C ratio tertiles in the group of protein intake > 1 g/kg/
day.

3.2. Nutrient intake

The total calorie intake was 1476.2 kcal in the group of protein
intake� 1 g/kg/day and 2285.1 kcal in the group of protein intake >
1 g/kg/day, respectively (Table 2). In the group of protein intake �
1 g/kg/day, the total calorie intake of tertile 1 was significantly
lower than that of the other tertiles (P < 0.001, both), whereas the
total calorie intake of tertile 3 was significantly higher than that of
the other tertiles (P < 0.001, both) in the group of protein intake >
1 g/kg/day. Calorie intake of protein and fat tended to be higher in
the higher tertiles of both protein diet groups, but calorie intake of
carbohydrates tended to be lower in these tertiles. The ratios of
calorie intake of each nutrient also showed a similar tendency
among tertiles in both protein diet groups (Fig. 2). The mean F/C
ratios were 8.2%, 13.0%, and 19.7% from tertiles 1 to 3, respectively,
in the group of protein intake � 1 g/kg/day and 12.5%, 18.8%, and
26.4% from tertiles 1 to 3, respectively, in the group of protein
intake > 1 g/kg/day.

3.3. Association between F/C ratio and decline in renal function

We further compared renal function decline rates among the F/C
ratio tertiles. In the linear mixed model, biannual eGFR decline
rates from tertiles 1 to 3 were �3.4, �3.0, and �2.9 mL/min/
1.73 m2/2 years in the group of protein intake � 1 g/kg/day and
were �3.5, �3.0, and �2.8 mL/min/1.73 m2/2 years in the group of
protein intake > 1 g/kg/day, respectively. After adjusting for con-
founding factors, there were significant differences in eGFR decline
rates among tertiles over time in both protein diet groups
(P < 0.001, both) (Fig. 3).

3.4. Association between F/C ratio and incidence of CKD

During a median follow-up of 11.4 years, 778 (8.4%) CKD events
occurred. In multivariable Cox regression analysis, a high fat-to-
erritoriale Nord Milano from ClinicalKey.com by Elsevier on 
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Table 1
Baseline characteristics of the study subjects according to F/C ratio tertiles.

Protein intake � 1 g/kg/day (N ¼ 3680) P value Protein intake > 1 g/kg/day (N ¼ 5546) P value

F/C ratio F/C ratio

T1 (N ¼ 1226)
(<10.9%)

T2 (N ¼ 1228)
(10.9e15.3%)

T3 (N ¼ 1226)
(>15.3%)

T1 (N ¼ 1848)
(<16.1%)

T2 (N ¼ 1849)
(16.1e21.5%)

T3 (N ¼ 1849)
(>21.5%)

Demographic data
Age (yr) 57.4 ± 8.3 52.8 ± 8.8 49.7 ± 8.3 <0.001 54.2 ± 8.8 50.5 ± 8.2 48.6 ± 7.7 <0.001
Sex (male, n, %) 438 (35.7) 752 (61.2) 865 (70.6) <0.001 447 (24.2) 870 (47.1) 1067 (57.7) <0.001
BMI (kg/m2) 24.4 ± 3.4 24.2 ± 3.0 24.3 ± 3.0 0.239 24.9 ± 3.3 24.7 ± 3.0 24.6 ± 3.1 0.002
Current smoking (n, %) 246 (6.7) 383 (10.5) 449 (12.3) <0.001 260 (4.8) 451 (8.2) 595 (10.8) <0.001
Current alcohol intake (n, %) 391 (10.7) 629 (17.1) 737 (20.1) <0.001 624 (11.3) 907 (16.4) 1109 (20.1) <0.001
Exercise (MET-min/day) 31.9 ± 18.7 27.4 ± 17.5 25.1 ± 15.2 <0.001 29.2 ± 17.8 26.1 ± 16.0 25.9 ± 15.6 <0.001
SBP (mmHg) 129.7 ± 19.0 124.7 ± 18.1 122.0 ± 17.5 <0.001 126.5 ± 19.8 122.7 ± 18.6 121.4 ± 17.3 <0.001
DBP (mmHg) 83.8 ± 11.5 82.0 ± 11.1 81.1 ± 11.7 <0.001 81.9 ± 11.8 80.8 ± 11.9 80.9 ± 11.9 0.006
Education (n, %) <0.001 <0.001
Low 747 (20.5) 439 (12.0) 251 (6.9) 865 (15.7) 435 (7.9) 291 (5.3)
Intermediate 244 (6.7) 301 (8.2) 274 (7.5) 439 (7.9) 451 (8.2) 398 (7.2)
High 217 (6.0) 477 (13.1) 699 (19.1) 535 (9.7) 960 (17.4) 1150 (20.9)
Income (n, %) 0.469 0.275
Low 403 (11.1) 436 (12.0) 423 (11.6) 662 (12.1) 601 (11.0) 648 (11.9)
Intermediate 575 (15.8) 564 (15.5) 585 (16.1) 845 (15.5) 892 (16.3) 864 (15.8)
High 231 (6.4%) 213 (5.9%) 203 (5.6%) 316 (5.8) 327 (6.0) 307 (5.6)
Comorbidities (n, %)
HTN 255 (6.9) 178 (4.8) 129 (3.5) <0.001 338 (6.1) 242 (4.4) 183 (3.3) <0.001
DM 70 (1.9) 86 (2.3) 73 (2.0) 0.802 128 (2.3) 123 (2.2) 115 (2.1) 0.387
Dyslipidemia 17 (0.5) 33 (0.9) 43 (1.2) 0.001 40 (0.7) 46 (0.8) 40 (0.7) 0.998
MI 14 (0.4) 12 (0.3) 4 (0.1) 0.025 20 (0.4) 11 (0.2) 12 (0.2) 0.133
CHF 5 (0.1) 2 (0.1) 0 (0) 0.02 3 (0.1) 3 (0.1) 5 (0.1) 0.460
CAD 13 (0.4) 7 (0.2) 13 (0.4) >0.999 13 (0.2) 14 (0.3) 6 (0.1) 0.134
Laboratory data
eGFR (ml/min/1.73m2) 90.7 ± 12.8 92.2 ± 13.4 92.6 ± 13.3 <0.001 93.8 ± 12.5 93.2 ± 13.4 93.2 ± 13.4 0.235
Hemoglobin (g/dL) 13.3 ± 1.5 13.8 ± 1.6 14.1 ± 1.6 <0.001 13.1 ± 1.5 13.5 ± 1.6 13.9 ± 1.6 <0.001
Albumin (g/dL) 4.2 ± 0.3 4.3 ± 0.3 4.3 ± 0.3 <0.001 4.1 ± 0.3 4.2 ± 0.3 4.3 ± 0.3 <0.001
Total cholesterol (mg/dL) 189.7 ± 36.3 187.4 ± 36.0 193.3 ± 35.7 <0.001 188.4 ± 34.6 191.1 ± 35.6 195.4 ± 35.8 <0.001
TG (mg/dL) 165.9 ± 113.6 162.0 ± 105.0 163.2 ± 109.8 0.674 161.2 ± 97.3 157.3 ± 98.1 161.9 ± 110.8 0.334
HDL-C (mg/dL) 44.1 ± 10.2 44.0 ± 10.1 44.5 ± 10.0 0.556 44.5 ± 10.0 44.9 ± 9.9 45.7 ± 10.4 0.002
Fasting glucose (mg/dL) 85.0 ± 16.8 86.4 ± 17.6 88.5 ± 22.7 <0.001 86.2 ± 20.2 87.7 ± 21.9 89.0 ± 25.2 <0.001
HbA1c (%) 5.8 ± 0.8 5.8 ± 0.9 5.7 ± 0.9 0.287 5.9 ± 1.0 5.8 ± 0.9 5.8 ± 0.1.0 0.008

All variables are expressed as mean ± SD or number and percentage.
Abbreviations: F/C ratio, fat/carbohydrate ratio; BMI, body mass index; MET, metabolic equivalent of task; SBP, systolic blood pressure; DBP, diastolic blood pressure; HTN,
hypertension; DM, diabetes; MI, myocardial infarction; CHF, congestive heart failure; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; TG, triglyceride;
HDL-C, high-density lipoprotein cholesterol; HbA1c, glycated hemoglobin.

Table 2
Daily nutritional intake of the study subjects according to F/C ratio tertiles.

Protein intake � 1 g/kg/day (N ¼ 3680) P value Protein intake > 1 g/kg/day (N ¼ 5546) P value

F/C ratio F/C ratio

T1 (N ¼ 1226)
(<10.9%)

T2 (N ¼ 1228)
(10.9e15.3%)

T3 (N ¼ 1226)
(>15.3%)

T1 (N ¼ 1848)
(<16.1%)

T2 (N ¼ 1849)
(16.1e21.5%)

T3 (N ¼ 1849)
(>21.5%)

Total calorie kcal/d 1420.5 ± 282.1 1513.5 ± 294.2 1494.6 ± 388.6 <0.001 2237.7 ± 702.9 2197.2 ± 591.8 2420.3 ± 842.4 <0.001
kcal/kg/d 26.7 ± 5.3 26.3 ± 4.9 24.6 ± 5.4 <0.001 43.2 ± 13.4 39.9 ± 11.6 42.4 ± 16.0 <0.001

Carbohydrate gram/d 284.6 ± 57.7 284.1 ± 56.4 258.0 ± 72.7 <0.001 425.0 ± 142.6 379.4 ± 105.3 369.5 ± 121.9 <0.001
kcal/d 1138.6 ± 230.9 1136.5 ± 225.5 1031.9 ± 290.7 <0.001 1700.1 ± 570.4 1517.6 ± 421.0 1477.9 ± 487.7 <0.001

Protein gram/d 38.3 ± 8.3 45.8 ± 8.9 50.0 ± 11.5 <0.001 69.9 ± 20.1 77.8 ± 20.8 97.0 ± 39.8 <0.001
kcal/d 153.0 ± 33.1 183.1 ± 35.6 199.9 ± 46.0 <0.001 279.5 ± 80.6 311.3 ± 83.3 387.8 ± 159.1 <0.001

Fat gram/d 11.4 ± 3.7 19.0 ± 4.32 27.4 ± 7.8 <0.001 26.4 ± 9.1 39.0 ± 11.4 59.8 ± 28.5 <0.001
kcal/d 102.4 ± 33.3 170.7 ± 38.9 246.6 ± 69.8 <0.001 237.5 ± 81.5 351.2 ± 102.7 538.6 ± 256.1 <0.001

Abbreviations: F/C ratio, fat/carbohydrate ratio.
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total calorie intake ratio was significantly associated with a low risk
of CKD in the entire cohort (HR, 0.98; 95% CI, 0.97e0.99; P ¼ 0.019)
(Table 3). However, patients with a high carbohydrate-to-total
calorie intake ratio had an increased risk of CKD (HR, 1.02; 95% CI,
1.01e1.03; P ¼ 0.019). Therefore, a high F/C ratio of calorie intake
was significantly associated with a decreased risk of CKD (HR, 0.98;
95% CI, 0.97e0.99; P¼ 0.018). These relationships between nutrient
intake and CKDwere persistent in the group of protein intake > 1 g/
kg/day, but there was no significant relationship between nutrient
5349
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intake and incident CKD in the group of protein intake� 1 g/kg/day.
When we further conducted this analysis with protein intake cut-
off value of 0.8 g/kg/day, significant associations presented in
only participants with protein intake >0.8 g/kg/day (Table S1).

Because linearity was not confirmed in this relationship, we
further evaluated the relationship between the F/C ratio tertiles and
incident CKD in each protein diet group (Table 4). After adjusting
for confounding factors, tertile 1 (<16.1%; HR, 1.38; 95% CI,
1.03e1.84; P ¼ 0.031) had a significantly higher risk of CKD than
erritoriale Nord Milano from ClinicalKey.com by Elsevier on 
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Fig. 2. Nutritional composition of the study subjects according to F/C ratio tertiles. (A) protein intake � 1 g/kg/day, (B) protein intake > 1 g/kg/day.

Fig. 3. eGFR changes over time according to F/C ratio tertiles. Mean eGFR at each time point is presented with standard error.

H. Kim, H. Lee, S.H. Kwon et al. Clinical Nutrition 40 (2021) 5346e5354
tertile 3 (F/C ratio �21.5%) in the group of protein intake > 1 g/kg/
day. However, there was no significant relationship between F/C
ratio and incident CKD in the group of protein intake � 1 g/kg/day.
When we excluded participants of top and bottom 5% of total cal-
orie intake as outliers, significantly increased CKD risk was still
presented in tertile 1 (HR, 1.36; 95% CI, 1.01e1.83; P ¼ 0.041) in the
group of protein intake > 1 g/kg/day (Table S2).
5350
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3.5. Sensitivity analysis

In our cohort, there were 6907 subjects who completed
follow-up FFQ at the 4th year visit without CKD development.
Because we showed that the risk of CKD increased in tertile 1
(F/C ratio <16.1%) compared to other tertiles in the above
analysis, we classified these patients into four groups
erritoriale Nord Milano from ClinicalKey.com by Elsevier on 
rmission. Copyright ©2021. Elsevier Inc. All rights reserved.



Table 3
Associations of fat or carbohydrate ratio with incident CKD.

Groups Model 1 Model 2 Model 3

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Overall Fat ratio (per 1% increase) 0.96 (0.96e0.97) <0.001 0.99 (0.99e1.00) 0.142 0.98 (0.97e0.99) 0.019
Carbohydrate ratio (per 1% increase) 1.04 (1.03e1.05) <0.001 1.01 (1.00e1.02) 0.142 1.02 (1.01e1.03) 0.019
F/C ratio (per 1% increase) 0.94 (0.93e0.96) <0.001 0.99 (0.98e1.00) 0.133 0.98 (0.97e0.99) 0.018

Protein intake � 1 g/kg/day Fat ratio (per 1% increase) 0.97 (0.95e0.98) <0.001 1.00 (0.98e1.01) 0.650 0.99 (0.98e1.01) 0.387
Carbohydrate ratio (per 1% increase) 1.04 (1.02e1.05) <0.001 1.00 (0.99e1.02) 0.650 1.01 (0.99e1.02) 0.387
F/C ratio (per 1% increase) 0.94 (0.92e0.96) <0.001 0.99 (0.97e1.02) 0.549 0.99 (0.96e1.01) 0.338

Protein intake > 1 g/kg/day Fat ratio (per 1% increase) 0.96 (0.95e0.97) <0.001 0.99 (0.98e1.01) 0.237 0.98 (0.97e0.99) 0.034
Carbohydrate ratio (per 1% increase) 1.04 (1.03e1.05) <0.001 1.01 (1.00e1.02) 0.237 1.02 (1.01e1.03) 0.034
F/C ratio (per 1% increase) 0.94 (0.93e0.96) <0.001 0.99 (0.97e1.01) 0.272 0.98 (0.96e0.99) 0.046

Model 1 was not adjusted.
Model 2 was adjusted for age, sex, BMI, education, income, smoking status, alcohol consumption, physical activity, total energy intake, daily potassium intake and daily sodium
intake.
Model 3 was adjusted for covariates in model 2 þ history of diabetes, dyslipidemia, anti-hypertensive medication use, baseline serum HDL cholesterol, triglyceride, fasting
glucose, and baseline eGFR.
Abbreviations: CKD, chronic kidney disease; HR, hazard ratio; CI, confidence interval; BMI, body mass index; HDL, high-density lipoprotein; eGFR, estimated glomerular
filtration rate.

Table 4
Associations of F/C ratio tertile with incident CKD.

Groups Model 1 Model 2 Model 3

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Protein intake � 1 g/kg/day T3 (>15.3%) Ref. Ref. Ref.
T2 (10.9e15.3%) 1.54 (1.16e2.04) 0.003 1.17 (0.86e1.58) 0.312 1.28 (0.93e1.75) 0.131
T1 (<10.9%) 2.12 (1.62e2.77) <0.001 1.06 (0.77e1.46) 0.719 1.15 (0.82e1.62) 0.421

Protein intake > 1 g/kg/day T3 (>21.5%) Ref. Ref. Ref.
T2 (16.1e21.5%) 1.19 (0.91e1.56) <0.001 0.97 (0.73e1.28) 0.812 1.03 (0.77e1.38) 0.820
T1 (<16.1%) 2.20 (1.73e2.79) <0.001 1.14 (0.86e1.50) 0.373 1.38 (1.03e1.84) 0.031

Model 1 was not adjusted.
Model 2 was adjusted for age, sex, BMI, education, income, smoking status, alcohol consumption, physical activity, total energy intake, daily potassium intake and daily sodium
intake.
Model 3 was adjusted for covariates in model 2 þ history of diabetes, dyslipidemia, anti-hypertensive medication use, baseline serum HDL cholesterol, triglyceride, fasting
glucose, and eGFR.
Abbreviations: CKD, chronic kidney disease; HR, hazard ratio; CI, confidence interval; BMI, body mass index; HDL, high-density lipoprotein; eGFR, estimated glomerular
filtration rate.
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according to whether the F/C ratios at baseline and follow-up
were less than 16.1% (maintained high, increased, decreased,
and maintained low). To evaluate the relationship between
change in F/C ratio and risk of CKD, we examined subsequent
CKD occurrence after the 4th-year visit. After the 4-year win-
dow period, a total of 353 (5.1%) CKD events occurred during a
median follow-up duration of 7.4 years. In the group of protein
intake > 1 g/kg/day, the group that a maintained low F/C ratio
Table 5
Changes in fat-carbohydrate ratio during 4 years and the risk of subsequent CKD.

Groups

Protein intake � 1 g/kg/day Maintained High (N ¼ 1363)
Maintained low (N ¼ 482)
Increased (N ¼ 432)
Decreased (N ¼ 460)

Protein intake > 1 g/kg/day Maintained high (N ¼ 1554)
Maintained low (N ¼ 1079)
Increased (N ¼ 516)
Decreased (N ¼ 1021)

Maintained high, F/C ratio�16.1% at both baseline and follow-up; maintained low, F/C ra
�16.1% at follow-up; decreased, F/C ratio�16.1% at baseline and <16.1% at follow-up.
Cox proportional hazard regression analysis was conducted with adjusting for age, sex, B
energy intake, daily potassium intake, daily sodium intake, history of diabetes, dyslipidem
fasting glucose, and eGFR.
Abbreviations: CKD, chronic kidney disease; HR, hazard ratio; CI, confidence interval; B
filtration rate.
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had a significantly higher risk of CKD than the group that
maintained a high F/C ratio (HR, 1.70; 95% CI, 1.10e2.63;
P ¼ 0.018) (Table 5). However, the risk of CKD was not
significantly different between the groups with increased and
decreased F/C ratios when compared to the group that main-
tained a high F/C ratio. Meanwhile, there was no significant
relationship between the change in F/C ratio and incident CKD
in the group of protein intake � 1 g/kg/day.
HR (95% CI) P value

Ref.
0.73 (0.43e1.24) 0.245
1.03 (0.63e1.67) 0.912
0.69 (0.40e1.19) 0.179
Ref.
1.70 (1.10e2.63) 0.018
1.04 (0.60e1.80) 0.897
1.24 (0.80e1.90) 0.339

tio<16.1% at both baseline and follow-up; increased, F/C ratio<16.1% at baseline and

MI, education, income, smoking status, alcohol consumption, physical activity, total
ia, anti-hypertensive medication use, baseline serum HDL cholesterol, triglyceride,

MI, body mass index; HDL, high-density lipoprotein; eGFR, estimated glomerular
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In the subgroup analysis, we conducted analysis of the rela-
tionship between F/C ratio and incident CKD according to history of
hypertension, diabetes, CVD (composite of myocardial infarction
and stroke), and cancer (Fig. S2). As a result, history of hyperten-
sion, diabetes, and cancer had no significant interaction on the
relationship between F/C ratio and risk of incident CKD. However,
history of CVD had significant interaction (P ¼ 0.042), and partici-
pants with history of CVD had more prominent association be-
tween F/C ratio and risk of CKD.

We further evaluated the non-linear relationship between F/C
ratio and incident CKD in the group of protein intake > 1 g/kg/day
using a cubic spline curve (Fig. 4). In this analysis, there was a
reverse J-shaped relationship between F/C ratio and incident CKD.
The HR of CKD sharply increased with a decreasing F/C ratio within
the range of tertile 1 (F/C ratio <16.1%). The HR was nearly constant
in tertile 2 (16.1% � F/C ratio <21.5%). The lowest HR was observed
at an F/C ratio value of 26.5, which was in tertile 3, and the HR
increased in F/C ratio >26.5, with widening CIs.

4. Discussion

In this study, we showed that intake of a high-carbohydrate,
low-fat diet was significantly associated with an increased risk of
CKD. In the linear mixedmodel, we showed that subjects in low F/C
ratio tertiles had a faster eGFR decline rate than those in high F/C
ratio tertiles. Thus, a low F/C ratio, defined as the ratio of fat to
fat þ carbohydrate, had a significant relationship with an increased
0
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Fig. 4. Non-linear relationship between F/C ratio and risk of CKD. Restricted cubic splines
sex, body mass index (BMI), education status, income level, smoking status, alcohol consu
intake, daily sodium and potassium intake, serum levels of high-density lipoprotein (HDL)
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incidence of CKD. In addition, subjects who had a low F/C ratio
during the 4 years had a significantly higher risk of subsequent CKD
development than those who maintained a high F/C ratio. This
relationship between F/C ratio and incident CKD was shown in
subjects with a protein diet > 1 g/kg/day but not in those with a
protein diet �1 g/kg/day. In the group of protein intake > 1 g/kg/
day, CKD risk was increased in subjects with an F/C ratio<16.1%, but
the risk was nearly constant in those with F/C ratio �16.1%.

Carbohydrates are usually the most consumed nutrients among
the major macronutrients. However, excessive carbohydrate intake
causes metabolic syndrome accompanied by obesity and diabetes,
which can lead to the development of CVD [24,25]. Because
metabolic syndrome is a common risk factor for CVD and CKD, high
carbohydrate intake may result in CKD development. Thus, Nam
et al. reported that high dietary carbohydrate density was associ-
ated with an increased risk of CKD, which was accompanied by
worseningmetabolic profiles, such as waist-to-hip ratio and insulin
resistance [16]. Moreover, high glycemic index, a metric of carbo-
hydrate quality determined by measuring the amount of glucose
released into circulation after consumption of a standard amount of
carbohydrates, was also reported to have a 55% increased likelihood
of having CKD [26]. In addition, in a short-term randomized
crossover trial, reducing glycemic index and carbohydrate intake by
increasing calories from protein and fat increased eGFR in subjects
without CKD [27]. Consistent with these results, our study also
showed that a high percentage of carbohydrates in total calorie
intake was associated with increased CKD risk. Accordingly,
30 40
tio (%)

curve was derived by using multivariable Cox regression analysis with adjusting for age,
mption, physical activity, history of diabetes, hypertension, dyslipidemia, total calorie
cholesterol, triglyceride, fasting glucose, and baseline eGFR.
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reducing carbohydrate intake and substituting carbohydrates with
other nutrients can lower the risk of CKD development. Never-
theless, recent nutrition guideline for CKD recommended low
protein and Mediterranean diet, but there is no specific mention of
optimal carbohydrate intake [28].

However, substitution of carbohydrate with protein shortly in-
creases eGFR but consequently induces a faster eGFR decline. Pre-
vious studies reported that low carbohydrate and high protein diet
were associated with renal hyperfiltration in the general popula-
tion [7,27]. Therefore, low carbohydrate with high protein intake
was reported to be associated with increased risk of CKD [8].
Therefore, to maintain adequate calorie intake, it should be
considered replacing some of carbohydrate intake with fat rather
than protein to prevent CKD development. In this study, a high
percentage of fat in total calorie intake was associated with a
decreased risk of CKD. Thus, subjects with a high F/C ratio had a low
risk of CKD, whichmeans that replacing carbohydrates with fat was
associated with a lower CKD risk. Interestingly, animal studies
involving rat models reported that a low-carbohydrate, high-fat
diet reduced blood pressure and pressure overload-induced cardiac
remodeling [29,30]. In a human study, substitution of carbohy-
drates with fat could lower blood pressure and lipid profiles [31]. In
our study, subjects in the high F/C ratio tertiles also had lower blood
pressure and prevalence of hypertension than those in the low F/C
ratio tertiles. In addition, the Prospective Urban Rural Epidemiology
(PURE) study, which included 135,335 adults in 18 countries, re-
ported that intake of a high-carbohydrate diet was associated with
an increased risk of all-causemortality, whereas higher intake of fat
was associated with a lower risk of mortality [32]. Thus, lowered
blood pressure due to a low-carbohydrate high-fat diet might have
led to a low incidence of CKD in our study and a low mortality rate
in the PURE study.

However, it cannot be concluded that the greater the substitu-
tion of carbohydrates with fat, the lower the incidence of CKD in the
general population. Paradoxically, high dietary fat intake is also a
well-known major risk factor for the development of metabolic
disease, CVD, and CKD [15,33e35]. A cross-sectional study
including more than 19,000 adults >45 years of age reported a
significant association between saturated fat intake and albumin-
uria [36]. Moreover, one study reported that not total fat, but only
polyunsaturated fatty acid intake was associated with decreased
risk of CKD [13]. The Atherosclerosis Risk in Communities (ARIC)
study previously reported a U-shaped relationship between car-
bohydrate intake and mortality [37]. The discrepancy between the
results of PURE and ARIC studies might be influenced by different
socioeconomic status of countries. Socioeconomic status not only
affects amount of macronutrients intakes, but also healthy dietary
pattern [38]. However, it can be also explained by the difference in
absolute carbohydrate intake between studies. In general, the Asian
population consumes a diet with a higher proportion of carbohy-
drate than the North American and European populations [32,37].
Because the PURE study was conducted in Asian and other devel-
oping countries and the ARIC study was conducted in the United
States, the mean carbohydrate intake was significantly lower in the
ARIC study than in the PURE study. Thus, increased mortality risk
was observed in subjects with less than 50% energy from carbo-
hydrates in the ARIC study, which was not observed in the PURE
study. In our study, the mean carbohydrate intake rate was 71.0%
among all subjects and 58.9% in the lower 5% of subjects. Therefore,
in our cubic spline analysis, we observed a reverse J-shaped rela-
tionship between F/C ratio and CKD risk, and the risk was only
significantly increased in subjects with an F/C ratio <16.1%, and it
was relatively constant in those with F/C ratio �16.1%. Accordingly,
a significantly increasing percentage of fat intake may not be
beneficial. It can be speculated that maintaining fat intake at least
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not below 16.1% to prevent extreme carbohydrate intake might
beneficial for CKD development in the general population.

A significant relationship between F/C ratio and CKD risk was
observed in the group of protein intake > 1 g/kg/day only. The
insignificant F/C ratio in the group of protein intake � 1 g/kg/day
can partially be explained for several reasons. First, because the
group of protein intake � 1 g/kg/day had significantly lower total
calorie intake than the group of protein intake > 1 g/kg/day, it is
possible that an absolute lack of nutritional intake weakened the
effect of the F/C ratio. Second, because subjects in the group of
protein intake � 1 g/kg/day had lower educational level and eco-
nomic status than those in the group of protein intake > 1 g/kg/day,
differences in socioeconomic status might result in different sour-
ces of nutrients between groups, which can dilute the effect of F/C
ratio on CKD risk. Especially, proteins may have different effects on
the risk of CKD depending on the sources of proteins were animal
or plant [39,40]. Therefore, further randomized trials with well-
controlled nutrient sources are needed in the future to identify
ideal nutrient intake ratios to prevent CKD.

This study has several limitations. First, because of the obser-
vational nature of this study, we could not completely exclude the
effect of unknown selection and information bias. However, with
vigorous adjustment of confounding factors and various statistical
methods, we found that a low F/C ratio was significantly associated
with an increased risk of CKD. Second, we used the FFQ to estimate
nutritional intake, which is prone to recall bias. However, the FFQ is
a widely accepted method for estimating nutritional intake in
observational studies [41]. Third, as mentioned above, dietary
sources can affect adverse clinical outcomes differently. The lack of
data on dietary sources in this study might limit the interpretation
of the effect of the F/C ratio on CKD. Various sources of carbohy-
drate and fat can have different effects on risk of CKD [13,26].
Specifically, dietary sources vary widely according to geographical
region; thus, studies regarding ideal nutrient intake ratios should
be performed in various regions worldwide. Finally, there are
several micronutrients that can affect risk of CKD development
[14]. Although we adjusted for sodium and potassium intakes in
multivariable models, we could not consider all of micronutrients.
Nevertheless, this study has strength that FFQ was conducted with
a large number of participants and follow-up period was more than
10 years. Moreover, we also used second FFQ conducted at 4-year
intervals and found that the association between F/C ratio and
risk of CKD was still significant when two FFQs were used.

5. Conclusion

In conclusion, a lowF/C ratio, the ratio of fat to fatþ carbohydrate
intake, was significantly associated with faster renal function
decline and increased risk of CKD.However, CKD risk did not linearly
decrease in subjectswith ahigh F/C ratio. Therefore, it is necessary to
avoid excessive high carbohydrate and low fat intake toprevent CKD
development.
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