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Abstract: Dyslipidemia, anemia, and inflammation are associated with declined kidney function.
This study investigated the association of inflammatory dietary pattern with dyslipidemia, anemia,
and kidney function biomarkers among middle-aged and older Taiwanese adults with declined
kidney function. Biochemical data and food frequency questionnaire were obtained from 41,128
participants with estimated glomerular filtration rate (eGFR) <90 mL/min/1.73 m2 and positive urinary
protein. Inflammatory dietary pattern was identified by reduced rank regression with C-reactive
protein (CRP) and neutrophil-to-lymphocyte ratio (N/L) as response variables. Males had higher
prevalence of dyslipidemia and higher inflammatory markers, but lower prevalence of anemia and
lower eGFR levels compared to females. Inflammatory dietary pattern characterized with low intakes
of seafood, grains, vegetables, and fruits but high intakes of meat, eggs, preserved/processed foods,
and sugary drinks was associated with an increased risk of dyslipidemia by 21% in males and an
increased risk of anemia by 28–47% in both genders. Furthermore, high consumption of inflammatory
dietary pattern was associated with reduced eGFR (males β = −0.85, 95% CI −1.26 to −0.43, females
β = −0.53, 95% CI −0.98 to −0.08) and increased N/L and/or CRP in both genders. In conclusion,
inflammatory dietary pattern is positively associated with dyslipidemia, anemia, and decreased
kidney function in middle-aged and older adults with declined kidney function.

Keywords: dietary pattern; inflammation; dyslipidemia; anemia; kidney function; reduced rank
regression

1. Introduction

Dyslipidemia is a well-known risk factor for cardiovascular disease (CVD) in the general
population. Dysregulation of lipoprotein metabolism in dyslipidemia patients was shown to be
associated with a higher risk of developing renal dysfunction [1]. Some clinical data have reported
that high triglycerides (TG) is an independent risk factor for chronic kidney disease (CKD) and low
high-density lipoprotein cholesterol (HDL-C) can predict CKD progression [2–4]. These metabolic
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alterations may further worsen and contribute to high morbidity and mortality in patients with kidney
disease [5]. Additionally, anemia might begin to develop in the early stages of CKD and is commonly
observed in more advanced CKD stages [6]. A cross-sectional study using data from the United States
National Health and Nutrition Examination Survey in 2007 and 2010 reported that the prevalence of
anemia was 15.4% in CKD patients, which represented an estimate of 4.8 million people and it was
increased from 8.4% in CKD patients at stage 1 to 53.4% in those at stage 5 [7]. Anemia may initiate or
accelerate the development of ventricular mass or left ventricular hypertrophy (LVH) [8]. Previous
studies have reported that a combination of moderately declined kidney function, anemia, and LVH
was associated with an increased risk of CVD events and mortality [9,10]. Therefore, both dyslipidemia
and anemia are important risk factors for the development of cardiovascular events and facilitate
renal function deterioration in people with declined kidney function. In addition, chronic low-grade
inflammation has been proposed as an underlying pathophysiological mechanism for the development
of chronic diseases such as CVD and CKD [11,12]. Inflammation has also been considered one of the
main factors in the development of CVD and anemia in CKD patients [13,14]. Serum hepcidin, the
predominant hormone of iron homeostasis, is elevated to prevent the use of absorbed iron or stored
iron for erythropoiesis in the inflammatory process of chronic disease such as CKD [14]. In this study,
we used C-reactive protein (CRP) and neutrophil-to-lymphocyte (N/L) ratio as inflammatory markers.
Recently, N/L ratio has been shown to have a relationship with kidney disease and found to be a
predictor of cardiovascular events and all-cause mortality [15,16].

Dietary intake is an important modifiable factor associated with developing chronic diseases.
Additionally, specific dietary pattern was found to be associated with low-grade inflammation in the
previous study [12]. Several studies showed that higher intake of protein, saturated fat, and trans-fat
from animal food was associated with the progression of declined kidney function and the incidence
of CVD [17,18]. Whereas the traditional study of public health nutrition has focused on individual
nutrient intake, dietary pattern may be a better solution to examine the interactive influence of diet on
the incidence of chronic disease. Dietary patterns are also easier to interpret into practical nutrition
education to the population [19]. We hypothesized that dietary pattern plays an important role in the
outcome of inflammation-related chronic diseases such as anemia, cardiovascular events, and faster
renal function decline. Therefore, the objective of this study was to investigate the relationship of
inflammatory dietary pattern with dyslipidemia, anemia, and kidney function biomarkers in the
participants with declined kidney function.

2. Materials and Methods

2.1. Study Participants

A total of 151,206 participants with estimated glomerular filtration rate (eGFR) <90 mL/min/1.73 m2

and positive urinary protein were retrieved from the Mei Jau (MJ) Health Institute database from 2008
to 2010. The participants (n = 110,078) were excluded due to (1) age <40 years, (2) having any types
of cancer, cirrhosis, or virus infection, (3) having a history of kidney surgery, (4) without filling the
questionnaire and with missing dietary data, (5) having error results in the biochemical data, or (7)
having multiple entries. Finally, 41,128 participants were included in the analysis. The MJ Health
Institute is a membership-oriented private institute that provides periodic health examination in four
health screening centers (Taipei, Taoyuan, Taichung, and Kaohsiung) in Taiwan. A signed consent
form authorized by the MJ Health Institute was collected from all participants before they had a
health examination. Joint Institutional Review Board of Taipei Medical University approved this study
(TMU-JIRB N201802006).

2.2. Clinical and Biochemical Data and Definition of the Diseases

Body mass index (BMI) and blood pressure were measured during the health check-up.
Biochemical data including complete blood count (Abbott Cell-Dyn 3700, Abbott Park, IL, USA)
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such as red blood cells (RBC), hemoglobin, hematocrit, mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red blood
distribution width (RDW), leukocytes, neutrophils, and lymphocytes were measured in each participant.
Moreover, C-reactive protein (CRP), fasting blood glucose (FBG), TG, total cholesterol (TC), HDL-C,
low-density lipoprotein cholesterol (LDL-C), iron, and blood urea nitrogen (BUN) (Toshiba C8000
auto-analyzer, Tokyo, Japan) were analyzed at the central laboratory of the MJ Health Institute.
Uncompensated Jaffe method with alkaline picrate kinetic test was used to measure serum creatinine
(CRE) levels. Urinary protein was measured by Roche Miditron M semi-automated computer-assisted
urinalysis system. Urinary protein was reported as one or more pluses (+) and eGFR was estimated
using the Modification of Diet in Renal Disease Study (MDRD) equation [20]. Dyslipidemia was
defined as participants with at least one of the following criteria: (1) TG ≥2.26 mmol/L (200 mg/dL),
(2) TC ≥6.22 mmol/L (240 mg/dL), (3) HDL-C <0.91 mmol/L (35 mg/dL), (4) LDL-C ≥4.14 mmol/L
(160 mg/dL), (5) TC-to-HDL-C ratio ≥5, and (6) use of lipid-lowering drug therapy [21]. Anemia was
defined as hemoglobin <13 g/dL for men and <12 g/dL for women according to the World Health
Organization (WHO) criteria [22].

2.3. Dietary Assessment and Other Covariates

Dietary habits were assessed using self-administered standardized and validated semi quantitative
food frequency questionnaire (SQ-FFQ) with twenty-two food groups. The frequency and servings of
dietary intake were determined at a daily or weekly frequency in the past month. Each food group
had five response options (1 to 5) for the frequency and the definition of the portion size (such as a
bowl, glass, or serving) as previously described [23]. We also collected other covariates including
smoking (none, former, or current), alcohol drinking (yes: ≥1–2 times/week), physical activity (inactive:
<1 h/week, active: ≥1–2 h/week), sleep duration (<6 h/day, 6–7 h/day, or >7 h/day), family income
(<800,000 NTD, 810,000–1.6 M NTD, or >1.61 M NTD), education (below high school, high school,
or above high school), marital status, medical history of CVD, diabetes, or hypertension, and use of
cardiovascular, diabetes, or hypertension medication.

2.4. Statistical Analysis

We used SAS 9.4 (SAS Institute Inc., Cary, NC, USA) and STATA version 13 (StataCorp LP, College
Station, TX, USA) for statistical analysis. Continuous and categorical variables were presented as mean±
standard deviation (SD) and number (percentage), respectively. The continuous or categorical variables
in the characteristics of study participants were compared between genders using Mann-Whitney U
or chi-square test, respectively. Characteristics of the participants across quartiles of dietary pattern
scores were analyzed using Kruskal-Wallis test for continuous variables. A linear regression analysis
represented by β and 95% confidence intervals (CIs) and a logistic regression analysis represented by
odds ratios (ORs) and 95% CIs were performed, respectively, to examine the association of dietary
pattern scores with the biomarkers of interest and the risk of dyslipidemia and anemia. The dietary
pattern was identified by reduced rank regression (RRR) model using PROC PLS function in SAS 9.4
from 22 food groups as predictor variables and CRP and N/L ratio as response variables (Figure 1).
The RRR model is a multivariable linear function, which combines predictor variables (derived from
SQ-FFQ) and response variables (refer to nutrients or blood biomarkers) to identify a dietary pattern
that was related to disease of interest [24]. The RRR model has been described more detail and
documented elsewhere [25,26]. The food groups with the absolute value of factor loading ≥0.20 were
used to correspond to the response variables and then derived the dietary pattern associated with
inflammation. For further analysis, dietary pattern scores were divided into quartiles and two adjusted
models were used: model 1 adjusted for age and BMI and model 2 adjusted for model 1 variables,
smoking, alcohol drinking, physical activity, sleep duration, family income, education, marital status,
cardiovascular disease, diabetes, hypertension (for dyslipidemia), and dyslipidemia (for anemia).
A p-value <0.05 was considered statistically significant.
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Figure 1. The dietary pattern derived from the reduced rank regression model. CRP: C-reactive protein,
N/L: neutrophil-to-lymphocyte.

3. Results

3.1. Characteristics of the Study Participants

Characteristics of the participants between genders are presented in Supplementary Table S1.
Males had higher proportion of smoking and alcohol drinking, but lower proportion of physical
inactivity than females. The prevalence rates of CVD, diabetes, hypertension, dyslipidemia, and anemia
were 6.1%, 9.7%, 28.6%, 32.0%, and 7.9%, respectively. Male participants had higher prevalence of
diabetes, hypertension, and dyslipidemia compared with female participants. In contrast, females
had higher prevalence of anemia than males (12.9% vs. 3.2%). Correspondingly, females also had
lower anemic markers such as hemoglobin (13.1 ± 1.2 g/dL vs. 15.1 ± 1.1 g/dL) and serum iron levels
(84.3 ± 33.0 µg/dL vs. 101.9 ± 35.3 µg/dL) than males. Moreover, compared with females, males had
higher BMI, blood pressure, inflammatory markers, FBG, TG, LDL-C, TC/HDL-C ratio, BUN, and CRE
levels, but lower TC, HDL-C, and eGFR levels (p for all < 0.001).

3.2. Inflammatory Dietary Pattern and Characteristics Across Quartiles of Dietary Pattern Scores

The inflammatory dietary pattern derived by the RRR model showed that meat, organ meats,
preserved or processed foods, sugary drinks, jam or honey, and eggs were positively correlated
with inflammatory dietary pattern scores (factor loading ≥ 0.20), while fruits, whole grains, seafood,
and dark-colored vegetables were negatively associated with inflammatory dietary pattern scores
(factor loading ≥ −0.20) (Figure 2). The inflammatory dietary pattern explained 11.6% of total variation.
The distribution of quartiles of dietary pattern scores across genders is shown in supplementary
Figure S1.

Table 1 shows the characteristics of participants across quartiles of dietary pattern scores.
Participants of both genders in the highest quartile (Q4) of inflammatory dietary pattern scores
were more likely to be younger, smokers, drinkers, less active, heavier, had better education, and had
higher N/L ratio and CRP levels. Male participants in the highest quartile (Q4) of inflammatory dietary
pattern scores had higher prevalence of dyslipidemia (42.1%, 38.5%, 37.2%, and 34.5% for Q4, Q3,
Q2, and Q1, respectively) and higher TG, TC, LDL-C, and TC/HDL-C ratio, but lower HDL-C levels
compared to those in lower quartiles of inflammatory dietary pattern scores. In contrast, females in
the highest quartile of inflammatory dietary pattern scores had a lower prevalence of dyslipidemia
(23.6% vs. 25.7%) and TC/HDL-C ratio (3.2 ± 0.8 vs. 3.3 ± 0.8), but higher prevalence of anemia
(14.7% vs. 11.7%) compared to those in the lowest quartile (Q1) of inflammatory dietary pattern scores.
However, there were no significant differences in TG, TC, LDL-C, and HDL-C levels among females in
different quartiles of inflammatory dietary pattern scores. In addition, females in the highest quartile
of inflammatory dietary pattern scores had lower hemoglobin (13.0 ± 1.2 g/dL vs. 13.2 ± 1.1 g/dL),
hematocrit (39.0 ± 3.4% vs. 39.4 ± 3.1%), and serum iron levels (81.7 ± 35.4 µg/dL vs. 84.4 ± 31.0 µg/dL)
compared to those in the lowest quartile of inflammatory dietary pattern scores.
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Figure 2. Spider-web diagram of factor loadings of inflammatory dietary pattern identified by reduced
rank regression model. Factor loadings are correlations between food groups and dietary pattern scores.

Table 1. Characteristics of the participants across quartiles of inflammatory dietary pattern scores a.

Dietary Pattern Scores

Males Females

Q1 (Low) Q4 (High) p b Q1 (Low) Q4 (High) p b

n 4592 6300 5696 3968

Age (years) 55.3 ± 10.2 48.9 ± 9.0 <0.001 55.4 ± 9.6 49.7 ± 9.0 <0.001

Smoking, current 727 (16.5) 2591 (42.2) <0.001 63 (1.2) 269 (7.0) <0.001

Alcohol drinking, yes 1017 (23.8) 1758 (29.5) <0.001 215 (4.3) 262 (7.2) <0.001

Physical inactivity 2511 (62.2) 3908 (70.7) <0.001 3256 (66.9) 2692 (79.0) <0.001

Family income <0.001 <0.001
<800,000 NTD 1668 (40.0) 2066 (35.4) 2804 (54.9) 1788 (49.0)
>1.61 M NTD 853 (20.5) 1263 (21.6) 681 (13.3) 554 (15.2)

Education <0.001 <0.001
<high school 889 (19.7) 862 (13.9) 2085 (37.3) 1010 (25.8)
>high school 1692 (37.5) 2486 (40.0) 1263 (22.6) 1082 (27.6)

Marital status, married 4031 (93.2) 5308 (88.5) <0.001 4031 (76.1) 2766 (74.2) <0.001

Dyslipidemia 1550 (34.5) 2551 (42.1) <0.001 1449 (25.7) 922 (23.6) 0.04

Anemia 162 (3.5) 154 (2.4) <0.001 665 (11.7) 584 (14.7) <0.001

BMI (kg/m2) 24.4 ± 2.9 25.0 ± 3.3 <0.001 23.0 ± 3.2 23.3 ± 3.7 <0.001

Inflammatory markers

N/L ratio 1.8 ± 0.8 1.9 ± 0.9 <0.001 1.8 ± 0.8 1.9 ± 1.0 <0.001

CRP (nmol/L) 21.2 ± 43.8 25.0 ± 46.1 <0.001 20.4 ± 39.9 23.1 ± 53.9 <0.001

Blood lipids

TG (mmol/L) 1.5 ± 1.0 1.8 ± 1.3 <0.001 1.2 ± 0.7 1.2 ± 0.8 0.08

TC (mmol/L) 5.2 ± 0.9 5.3 ± 0.9 <0.001 5.3 ± 0.9 5.3 ± 0.9 0.32
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Table 1. Cont.

Dietary Pattern Scores

Males Females

Q1 (Low) Q4 (High) p b Q1 (Low) Q4 (High) p b

HDL-C (mmol/L) 1.4 ± 0.3 1.3 ± 0.3 <0.001 1.7 ± 0.4 1.7 ± 0.4 0.16

LDL-C (mmol/L) 3.1 ± 0.8 3.2 ± 0.8 <0.001 3.1 ± 0.8 3.1 ± 0.8 0.22

TC/HDL-C ratio 3.9 ± 0.9 4.1 ± 0.9 <0.001 3.3 ± 0.8 3.2 ± 0.8 0.016

Anemic biomarkers

RBC (×106/µL) 5.0 ± 0.5 5.1 ± 0.5 <0.001 4.5 ± 0.4 4.5 ± 0.4 <0.001

Hemoglobin (g/dL) 15.0 ± 1.1 15.2 ± 1.1 <0.001 13.2 ± 1.1 13.0 ± 1.2 <0.001

Hematocrit (%) 44.5 ± 3.2 45.2 ± 3.2 <0.001 39.4 ± 3.1 39.0 ± 3.4 <0.001

MCV (fL) 89.8 ± 6.0 89.2 ± 6.3 <0.001 88.5 ± 6.6 87.1 ± 7.5 <0.001

MCH (pg) 30.3 ± 2.4 30.0 ± 2.4 <0.001 29.8 ± 2.6 29.2 ± 3.0 <0.001

MCHC (g/dL) 33.7 ± 0.7 33.6 ± 0.7 <0.001 33.6 ± 0.8 33.5 ± 0.8 <0.001

RDW (%) 13.9 ± 1.1 14.0 ± 1.1 <0.001 13.8 ± 1.3 14.1 ± 1.6 <0.001

Iron (µg/dL) 101.4 ±
34.7

102.4 ±
36.0 0.65 84.8 ± 31.0 81.7 ± 35.4 <0.001

Kidney function biomarkers

BUN (mmol/L) 5.4 ± 1.4 5.3 ± 1.4 <0.001 5.0 ± 1.5 4.8 ± 1.4 <0.001

CRE (µmol/L) 100.5 ±
16.9

100.6 ±
17.8 0.053 77.4 ± 20.7 76.9 ± 14.2 0.89

eGFR (mL/min/1.73 m2) 73.0 ± 9.9 74.5 ± 9.4 <0.001 73.5 ± 10.0 75.1 ± 9.3 <0.001

Proteinuria 0.47 0.54
+1 4375 (95.3) 5952 (94.5) 5514 (96.8) 3828 (96.5)
+2 119 (2.6) 204 (3.2) 102 (1.8) 82 (2.0)
≥+3 98 (2.1) 144 (2.3) 80 (1.4) 58 (1.5)

NTD: new Taiwan dollar, BMI: body mass index, N/L: neutrophil-to-lymphocyte; CRP: C-reactive protein,
TG: triglycerides, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein
cholesterol, TC/HDL-C: total cholesterol-to-high-density lipoprotein cholesterol, RBC: red blood cells, MCV: mean
corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration,
RDW: red blood cell distribution width, BUN: blood urea nitrogen, CRE: creatinine, eGFR: estimated glomerular
filtration rate. a continuous data are presented as mean ± SD and categorical data are presented as number
(percentage). b p-value was analyzed using Kruskal-Wallis test for continuous variables and chi-square test for
categorical variables.

3.3. Association of Inflammatory Dietary Pattern with Dyslipidemia, Anemia, and Kidney Function Markers

The association between quartiles of inflammatory dietary pattern scores and dyslipidemia is
shown in Table 2. After being adjusted by model 2, males in the highest quartile of inflammatory dietary
pattern scores had an increased risk of dyslipidemia by 21% (OR = 1.21, 95% CI 1.10–1.34, p < 0.001)
compared to the reference group (Q1). On the other hand, females with moderate adherence (Q3)
of inflammatory dietary pattern scores tended to have an increased risk of dyslipidemia (OR = 1.12,
95% CI 0.99–1.26, p = 0.052).
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Table 2. Association between quartiles of inflammatory dietary pattern scores and dyslipidemia.

Dietary Pattern Score
Model 1 a Model 2 b

OR (95% CI) p OR (95% CI) p

Males

Q1 (low) Reference
Q2 (mild) 1.09 (0.99, 1.19) 0.057 1.06 (0.95, 1.17) 0.29

Q3 (moderate) 1.13 (1.04, 1.23) 0.004 1.10 (0.99, 1.21) 0.07
Q4 (high) 1.29 (1.18, 1.40) <0.001 1.21 (1.10, 1.34) <0.001

Females

Q1 (low) Reference
Q2 (mild) 1.00 (0.92, 1.10) 0.90 0.94 (0.84, 1.06) 0.32

Q3 (moderate) 1.12 (1.02, 1.23) 0.016 1.12 (0.99, 1.26) 0.052
Q4 (high) 1.10 (0.99, 1.22) 0.06 1.11 (0.98, 1.26) 0.11

a model 1 adjusted for age and BMI. b model 2 adjusted for model 1 variables, smoking, alcohol drinking, physical
activity, sleep duration, family income, education, marital status, cardiovascular disease, diabetes, and hypertension.

Table 3 demonstrates the association between inflammatory dietary pattern and anemia. The fully
adjusted model showed that participants of both genders in higher quartiles of inflammatory dietary
pattern scores were associated with an increased risk of anemia by 28% to 47% (Q3: OR = 1.35, 95% CI
1.00–1.80, p = 0.045 in males, Q3: OR = 1.28, 95% CI 1.11–1.48, p = 0.001 in females, Q4: OR = 1.47,
95% CI 1.26–1.72, p < 0.001 in females).

Table 3. Association between quartiles of inflammatory dietary pattern scores and anemia.

Dietary Pattern Score
Model 1 a Model 2 b

OR (95% CI) p OR (95% CI) p

Males

Q1 (low) Reference
Q2 (mild) 1.29 (1.04, 1.61) 0.021 1.29 (0.97, 1.69) 0.07

Q3 (moderate) 1.26 (1.01, 1.57) 0.044 1.35 (1.00, 1.80) 0.045
Q4 (high) 1.15 (0.91, 1.44) 0.25 1.24 (0.93, 1.67) 0.14

Females

Q1 (low) Reference
Q2 (mild) 1.06 (0.94, 1.91) 0.32 1.11 (0.96, 1.27) 0.16

Q3 (moderate) 1.19 (1.06, 1.34) 0.003 1.28 (1.11, 1.48) 0.001
Q4 (high) 1.30 (1.15, 1.47) <0.001 1.47 (1.26, 1.72) <0.001

a model 1 adjusted for age and BMI. b model 2 adjusted for model 1 variables, smoking, alcohol drinking, physical
activity, sleep duration, family income, education, marital status, cardiovascular disease, diabetes, hypertension,
and dyslipidemia.

The association of quartiles of inflammatory dietary pattern scores with inflammatory markers,
lipid profiles, anemic biomarkers, and kidney function biomarkers is demonstrated in Table 4.
The highest quartile of dietary pattern scores were associated with increased CRP, TG, LDL-C,
and TC/HDL-C ratio in males and elevated N/L ratio, TG, TC, and LDL-C levels in females (p < 0.05).
In addition, N/L ratio (Q2, Q3, Q4: 1.84 ± 0.81, 1.85 ± 1.06, 1.89 ± 0.82, p trend < 0.001) and TC levels (Q2,
Q3, Q4: 5.23 ± 0.88, 5.29 ± 0.92, 5.33 ± 0.90 mmol/L, p trend < 0.001) in males were significantly different
in all quartiles of inflammatory dietary pattern scores. Females showed a stronger association between
quartiles of inflammatory dietary pattern scores and anemic biomarkers compared to males. Females in
the highest quartile of inflammatory dietary pattern scores were inversely associated with hemoglobin
(β = −0.16, p < 0.001), hematocrit (β = −0.38, p < 0.001), MCV (β = −1.14, p < 0.001), MCH (β = −0.44,
p < 0.001), MCHC (β = −0.08, p < 0.001), and serum iron levels (β = −2.45, p < 0.001). While males in
the highest quartile of inflammatory dietary pattern scores were correlated with decreased hemoglobin



Nutrients 2019, 11, 2052 8 of 17

(β = −0.06, p = 0.024), MCV (β = −0.35, p = 0.017), MCH (β = −0.15, p < 0.001), MCHC (β = −0.04,
p = 0.024), and serum iron levels (β = −2.40, p = 0.011). Moreover, participants of both genders in
the highest quartile of inflammatory dietary pattern scores (Q4) were associated with increased BUN
levels (β = 0.09, p = 0.004 in males, β = 0.10, p = 0.005 in females) but decreased eGFR levels (β = −0.85,
p < 0.001 in males, β = −0.53, p = 0.022 in females).
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Table 4. Linear association of quartiles of inflammatory dietary pattern scores with inflammatory markers, lipid profiles, anemic biomarkers, and kidney function
biomarkers a.

Dietary Pattern Score

Q1 (Ref)
Q2 (Mild) Q3 (Moderate) Q4 (High)

β (95% CI) p β (95% CI) p β (95% CI) p

Males

Inflammatory markers

N/L ratio 0 0.05 (0.01, 0.09) 0.02 0.06 (0.02, 0.10) 0.005 0.12 (0.08, 0.16) <0.001

CRP (nmol/L) 0 1.75 (−0.70, 4.20) 0.16 2.68 (0.25, 5.12) 0.031 3.82 (1.38, 6.26) 0.002

Blood lipids

TG (mmol/L) 0 0.03 (−0.02, 0.08) 0.28 0.04 (−0.01, 0.09) 0.13 0.09 (0.04, 0.14) 0.001

TC (mmol/L) 0 0.05 (0.01, 0.09) 0.013 0.10 (0.06, 0.14) <0.001 0.12 (0.08, 0.16) <0.001

HDL-C (mmol/L) 0 −0.00 (−0.02, 0.01) 0.72 0.00 (−0.01, 0.01) 0.92 −0.01 (−0.02, 0.00) 0.13

LDL-C (mmol/L) 0 0.04 (−0.00, 0.07) 0.07 0.08 (0.04, 0.12) <0.001 0.09 (0.05, 0.12) <0.001

TC/HDL-C ratio 0 0.04 (−0.01, 0.08) 0.09 0.06 (0.02, 0.11) 0.002 0.11 (0.07, 0.15) <0.001

Anemic biomarkers b

RBC (×106/µL) 0 0.01 (−0.02, 0.03) 0.53 0.01 (−0.01, 0.04) 0.23 0.01 (−0.01, 0.03) 0.55

Hemoglobin
(g/dL) 0 −0.02 (−0.07, 0.03) 0.41 −0.03 (−0.08, 0.02) 0.27 −0.06 (−0.11, −0.01) 0.024

Hematocrit (%) 0 −0.05 (−0.19, 0.10) 0.50 −0.05 (−0.19, 0.10) 0.50 −0.12 (−0.26, 0.02) 0.11

MCV (fL) 0 −0.22 (−0.51, 0.07) 0.14 −0.31 (−0.60, −0.02) 0.034 −0.35 (−0.63, −0.06) 0.017

MCH (pg) 0 −0.08 (−0.20, 0.03) 0.14 −0.13 (−0.24, −0.01) 0.028 −0.15 (−0.26, −0.04) <0.001

MCHC (g/dL) 0 −0.01 (−0.04, 0.02) 0.54 −0.02 (−0.06, 0.01) 0.16 −0.04 (−0.07, −0.01) 0.024

RDW (%) 0 0.03 (−0.02, 0.08) 0.31 0.08 (0.03, 0.13) 0.003 0.08 (0.03, 0.13) 0.003

Iron (µg/dL) 0 −2.22 (−4.07, −0.36) 0.019 −1.71 (−3.56, 0.14) 0.07 −2.40 (−4.25, −0.54) 0.011
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Table 4. Cont.

Dietary Pattern Score

Q1 (Ref)
Q2 (Mild) Q3 (Moderate) Q4 (High)

β (95% CI) p β (95% CI) p β (95% CI) p

Kidney function biomarkers

BUN (mmol/L) 0 0.11 (0.04, 0.17) 0.001 0.09 (0.03, 0.15) 0.004 0.09 (0.03, 0.15) 0.004

CRE (µmol/L) 0 1.12 (0.22, 2.03) 0.015 1.41 (0.51, 2.30) 0.002 1.51 (0.62, 2.40) 0.001

eGFR
(mL/min/1.73 m2) 0 −0.52 (−0.94, −0.10) 0.015 −0.62 (−1.03, −0.20) 0.004 −0.85 (−1.26, −0.43) <0.001

Females

Inflammatory markers

N/L ratio 0 0.02 (−0.02, 0.06) 0.36 0.07 (0.03, 0.11) 0.001 0.13 (0.09, 0.17) <0.001

CRP (nmol/L) 0 0.63 (−1.45, 2.71) 0.55 0.92 (−1.23, 3.08) 0.40 2.30 (−0.03, 4.62) 0.053

Blood lipids

TG (mmol/L) 0 0.02 (−0.02, 0.05) 0.31 0.03 (−0.00, 0.06) 0.09 0.06 (0.02, 0.09) 0.001

TC (mmol/L) 0 0.02 (−0.02, 0.07) 0.21 0.06 (0.02, 0.11) 0.002 0.08 (0.04, 0.13) <0.001

HDL-C (mmol/L) 0 −0.00 (−0.02, 0.02) 0.80 −0.00 (−0.02, 0.02) 0.74 0.01 (−0.01, 0.03) 0.44

LDL-C (mmol/L) 0 0.02 (−0.01, 0.06) 0.19 0.06 (0.02, 0.09) 0.003 0.05 (0.01, 0.09) 0.019

TC/HDL-C ratio 0 0.02 (−0.02, 0.05) 0.34 0.05 (0.02, 0.09) 0.005 0.04 (−0.00, 0.08) 0.06

Anemic biomarkers b

RBC (×106/µL) 0 −0.01 (−0.03, 0.01) 0.21 −0.01 (−0.03, 0.01) 0.19 0.02 (−0.00, 0.04) 0.13

Hemoglobin
(g/dL) 0 −0.05 (−0.10, 0.00) 0.07 −0.09 (−0.14, −0.03) 0.002 −0.16 (−0.22, −0.10) <0.001

Hematocrit (%) 0 −0.15 (−0.29, −0.01) 0.041 −0.19 (−0.34, −0.04) 0.012 −0.38 (−0.54, −0.22) <0.001

MCV (fL) 0 −0.14 (−0.46, 0.17) 0.37 −0.22 (−0.55, 0.11) 0.19 −1.14 (−1.49, −0.79) <0.001

MCH (pg) 0 −0.04 (−0.17, 0.09) 0.53 −0.05 (−0.19, 0.08) 0.41 −0.44 (−0.58, −0.30) <0.001
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Table 4. Cont.

Dietary Pattern Score

Q1 (Ref)
Q2 (Mild) Q3 (Moderate) Q4 (High)

β (95% CI) p β (95% CI) p β (95% CI) p

MCHC (g/dL) 0 0.01 (−0.03, 0.04) 0.71 0.02 (−0.02, 0.06) 0.28 −0.08 (−0.12, −0.04) <0.001

RDW (%) 0 0.05 (−0.02, 0.12) 0.16 0.04 (−0.03, 0.11) 0.24 0.15 (0.08, 0.23) <0.001

Iron (µg/dL) 0 0.50 (−1.17, 2.14) 0.58 0.95 (−0.77, 2.67) 1.08 −2.45 (−4.31, −0.60) 0.01

Kidney function biomarkers

BUN (mmol/L) 0 0.04 (−0.02, 0.10) 0.18 0.16 (0.09, 0.22) <0.001 0.10 (0.03, 0.16) 0.005

CRE (µmol/L) 0 −0.12 (−0.91, 0.67) 0.77 1.05 (0.23, 1.86) 0.012 0.61 (−0.26, 1.48) 0.17

eGFR
(mL/min/1.73 m2) 0 −0.03 (−0.44, 0.38) 0.89 −0.54 (−0.96, −0.11) 0.013 −0.53 (−0.98, −0.08) 0.022

N/L: neutrophil-to-lymphocyte; CRP: C-reactive protein, TG: triglycerides, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol,
TC/HDL-C: total cholesterol-to-high-density lipoprotein cholesterol, RBC: red blood cells, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular
hemoglobin concentration, RDW: red blood cell distribution width, BUN: blood urea nitrogen, CRE: creatinine, eGFR: estimated glomerular filtration rate. Quartile 1 of inflammatory
dietary pattern scores were used as reference. a adjusted by model 2: age, BMI, smoking, alcohol drinking, physical activity, sleep duration, family income, education, marital status,
cardiovascular disease, diabetes, and hypertension. b adjusted for model 2 variables and dyslipidemia.
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4. Discussion

To our knowledge, the present study is the first study to identify inflammatory dietary pattern by
using the RRR method. Our findings suggest that dietary patterns known to cause inflammation are
associated with dyslipidemia in men, anemia in women, and decreased kidney function in both genders.
Participants who frequently consumed meat and organ meats were also likely to consume sweetened
food or drinks, preserved or processed foods, and eggs. Both meat and organ meats contributed 11.0%
to explain the variation in the RRR-derived inflammatory dietary pattern. These food groups were
positively associated with inflammatory dietary pattern scores. In contrast, participants who frequently
consumed fruits and whole grains were also likely to consume seafood and dark-colored vegetables.
Fruits, whole grains, seafood, and dark-colored vegetables contributed 33.4%, 13.6%, 13.4%, and 6.8%,
respectively, to explain the variation in the RRR-derived inflammatory dietary pattern. These four
food groups comparable as a prudent diet and were negatively associated with inflammatory dietary
pattern scores.

The inflammatory dietary pattern identified in the present study was similar to the Western dietary
pattern, characterized by high intakes of meat, processed foods, and sweets but low intakes of fruits
and vegetables [27,28]. Our study suggests that inflammatory dietary pattern was associated with an
increased risk of dyslipidemia by 21% in males, while females consuming inflammatory dietary pattern
only showed a borderline increased risk of dyslipidemia (OR = 1.12, 95% CI: 0.99–1.26, p = 0.052).
Fruits, vegetables, and plant-based food are high in antioxidants and dietary fiber but low in saturated
fat, which could have effects on cholesterol metabolism. A previous study reported that a prudent
dietary pattern with higher intakes of fruits, vegetables, legumes, seafood, whole grains, and low-fat
dairy products significantly decreased blood TC and LDL-C levels [29]. Moreover, for the individual
component of blood lipids, high consumption of inflammatory dietary pattern was associated with
increased TG, TC, and LDL-C. However, inflammatory dietary pattern was not correlated with HDL-C
levels in both genders. Similar to our study, a population-based study in South America also did
not find a significant correlation between dietary patterns (both prudent and Western diets) and
HDL-C levels in both genders [29]. The authors purposed other factors such as alcohol drinking and
physical activity could affect HDL-C levels. However, our study found that there was no association
between inflammatory dietary pattern and HDL-C levels despite the increased proportion of alcohol
drinkers and physical inactivity across quartiles of inflammatory dietary pattern scores in both genders.
Moreover, a meta-analysis of randomized controlled trial also reported that high physical activity
combined with a prudent diet was highly effective to reduce TG, TC, and LDL-C levels, but ineffective
to increase HDL-C levels [30]. Therefore, a prospective study is necessary to confirm other behavioral
effects on blood lipids.

Furthermore, our study found that high consumption of inflammatory dietary pattern was
associated with an increased risk of anemia by 28% to 47% and decreased serum iron by at least
2.4 µg/dL in both genders. We also observed that a 1-unit increase in N/L ratio was associated with
decreased serum iron levels by 4.89 µg/dL (95% CI, −5.56 to −4.20, p < 0.001) in males and by 4.55 µg/dL
(95% CI, −5.26 to −3.84, p < 0.001) in females (data not shown). There are numerous factors for the
development of anemia in participants with declined kidney function. Anemia could be caused
by low erythropoietin (EPO) levels. EPO is mainly secreted by the kidney and regulates erythroid
proliferation and differentiation in bone marrow. As kidney function declines, the production of
EPO is reduced, which leads to decrease the synthesis of red blood cells [31]. Additionally, chronic
low-grade inflammation, which was commonly observed in CKD patients, might be also involved
in the development of anemia. Elevated hepcidin, stimulated by increased inflammatory cytokines
and reduced renal clearance in CKD patients, prevented the use of absorbed iron and/or stored iron
for erythropoiesis via the degradation of iron exporter ferroportin and the inhibition of cellular iron
efflux [14,32], which consequently resulted in either functional or absolute iron deficiency to meet the
demand for erythropoiesis [32]. Other causes for the development of anemia include reduced half-life
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of circulating blood cells due to uremic toxins and oxidative stress, and folate or vitamin B12 deficiency
due to chronic inflammation [31,32].

In the present study, inflammatory dietary pattern was correlated with elevated inflammatory
markers (N/L ratio and/or CRP), increased CRE levels and degree of urinary protein (Supplementary
Table S2) in men, and decreased eGFR in both genders. Similar to our study, a multi-ethnic cohort study
showed that a Western type of dietary pattern rich in meat, processed meat, and sweets had a positive
association with CRP levels, interleukin-6, and endothelial dysfunction [12,33,34]. In the present study,
we used N/L ratio as inflammatory marker. Recently, high N/L ratio was found to independently predict
CVD, degree of proteinuria, and all-cause mortality in CKD patients [16,35]. Additionally, our study
also showed that N/L ratio was inversely correlated with eGFR levels (males: β = −0.31, 95% CI: −0.47
to −0.16, p < 0.001, females: β = −0.20, 95% CI: −0.37 to −0.02, p = 0.028) (Supplementary Table S3).
In agreement with the previous studies, elevated inflammatory markers such as CRP were associated
with rapid eGFR decline [36,37]. The Western dietary pattern especially consumption of red meat
was associated with the reduction of eGFR and the progression to kidney failure in participants with
declined kidney function, probably due to a diet with a high acid load [38,39]. In general, foods high
in dietary acid load such as processed cheese, meat, and eggs contain exclusively protein and are a
source of nonvolatile acids [40]. Nonvolatile acids are produced from the metabolism of organic sulfur
or phosphorus-containing amino acids as sulfuric and phosphoric acid [40]. The previous study also
showed that a prudent dietary pattern not only ameliorated dyslipidemia but also attenuated oxidized
lipoprotein-induced glomerular damage [41]. Higher intakes of plant protein, fruits, and vegetables
were associated with higher blood bicarbonate levels, reduced renal acid load, and decreased uremic
toxins, which lead to improve kidney filtration function [42,43]. Additionally, a diet rich in fruits,
vegetables, and fish had an inverse correlation with plasma CRP levels [33]. Fish intake rich in
omega-3 polyunsaturated fatty acids with anti-inflammatory properties was positively associated
with kidney CRE clearance rate, indicating that kidney function was improved as increased fish
consumption [29,44]. Moreover, inflammatory markers have been considered to be potential mediators
for the association between diets and the risk of CVD and mortality [45]. Consistently, our findings
suggest that inflammation might be the possible link between dietary patterns and dyslipidemia,
anemia, or declined kidney function.

The cause of different results in the association of dietary patterns with the risk of dyslipidemia
between genders is not clear yet and may depend on environmental and cultural factors. A previous
study in South Africa suggested that the potential factors for the gender differences in the prevalence
of disease were food availability and socio-economic status [46]. The motivation to eat healthy
might be another factor to influence dietary habits. A previous study in Italy found that women
were more willing to follow dietary advice and more aware of the role of nutrition in maintaining
health [47]. In our study, men had better income and tended to eat food high in fat, animal protein,
and sugary drinks (Supplementary Table S4) as compared to women, and this type of dietary habits
in men could potentially increase the risk of developing chronic disease. Additionally, gender-based
stereotypes in eating habits could play a potential role. For example, meat rich in fat and protein
is food for men, whereas mixed salad with colored vegetables and fruits are food for women [48].
The physiological factors such as sex hormones might affect nutrient metabolism in response to food
intake. Although males had higher inflammatory dietary pattern scores than females (0.02 ± 0.93 in
males, −0.22 ± 0.87 in females, p < 0.001, data not shown), the association of inflammatory dietary
pattern with anemia was more prominent in females. The possible reason might be because men
consumed heme iron-based food more frequently (Supplementary Table S4). Heme iron is found in
meat, poultry, or other animal-based protein. Heme iron is more easily absorbed by enterocytes than
non-heme iron, and serves as the predominant source of dietary iron for erythropoiesis [49]. However,
prospective and clinical investigation studies are needed to confirm the appropriate intake of heme
iron-based food for ameliorating anemia without causing any disease-related symptoms.



Nutrients 2019, 11, 2052 14 of 17

Our study has several strengths. First, we used the RRR model to derive the inflammatory
dietary pattern. The RRR model could identify diet-and-disease relationship and generate potential
mediators between a dietary pattern and a disease. Compared to factor analysis such as principal
component analysis, dietary pattern derived from RRR model is more likely to be associated with the
disease of interest because the dietary pattern is driven from disease-specific responses [50]. The RRR
model allows researchers to extract dietary pattern scores by maximizing explained variation in the
response variables or biomarkers which link to diet related disease of interest [51]. However, selecting
response variables by the researcher could be personally subjective and may result in different patterns.
Second, we used a large sample size from the population with declined kidney function. However,
our study has certain limitations. First, the cross-sectional study design cannot identify the causal
relationship of the study findings. Prospective observational and clinical intervention studies are
necessary to examine the relationship and generate dietary strategies for management of dyslipidemia
and anemia in participants with declined kidney function. Secondly, the self-reported questionnaire
may have reporting bias. Thirdly, we have adjusted the results with certain confounders, but there
are still some potential confounders such as energy and protein intake, which can be considered in
a future study. Fourthly, anemia status in this study was only based on hemoglobin levels, and we
did not consider iron deficiency anemia because a large number of participants had missing data
in transferrin saturation and total iron binding capacity. Measurement of hemoglobin, hematocrit,
and iron stores are recommended for clinical diagnosis of anemia in patients with declined kidney
function in the future study. Finally, the present study used eGFR levels and urinary protein to define
participants with declined kidney function. Hence, we cannot define our participants as CKD patients
because CKD cannot be categorized based on a single measurement of eGFR or urinary protein only.
Repeated measurements of eGFR or persistent albuminuria for 3 months or more are necessary to
confirm clinically diagnosed CKD. Although the MJ Health Institute provided one health examination
annually for each member, not all the participants had a periodic health examination to confirm their
CKD status. Therefore, our results may not necessarily reflect the association of inflammatory dietary
pattern with dyslipidemia, anemia, and kidney function biomarkers among participants with clinically
diagnosed CKD.

5. Conclusions

The inflammatory dietary pattern may serve as an intermediate factor to understand the
relationship between inflammations with the development of chronic diseases. Our findings suggest
that participants consuming more inflammatory foods such as meat, organ meats, preserved
or processed foods, eggs, sweetened foods or drinks; and lower intake of fruits, whole grains,
seafood, and dark-colored vegetables are more likely to have dyslipidemia, anemia, and decreased
kidney function.

Supplementary Materials: The followings are available online at http://www.mdpi.com/2072-6643/11/9/2052/s1,
Table S1: Characteristics of the study participants across genders, Table S2: Multivariate logistic regression analysis
of dietary pattern scores across quartiles with proteinuria severity, Table S3: Multivariate linear regression analysis
of N/L ratio with kidney function biomarkers, Table S4: Intake frequency of the food groups by different genders.
Figure S1: Distribution of dietary pattern scores among males and females.
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