
OR I G I N A L R E S E A R C H

Diet-Related Inflammation is Associated with
Malnutrition-Inflammation Markers in
Maintenance Hemodialysis Patients: Results of a
Cross-Sectional Study in China Using Dietary
Inflammatory Index
Guixing Zeng1, Jiarong Lin2, Yaxing He1, Chao Yuan1, Yuchi Wu2, Qizhan Lin2

1Second Clinical Medical College, Guangzhou University of Chinese Medicine, Guangzhou, 510405, People’s Republic of China; 2Hemodialysis
Department, Second Affiliated Hospital, Guangzhou University of Chinese Medicine (Guangdong Provincial Hospital of Chinese Medicine),
Guangzhou, 510120, People’s Republic of China

Correspondence: Qizhan Lin; Yuchi Wu, Email linqizhan656635@163.com; wuyuchi047@163.com

Purpose: This cross-sectional study aimed to explore the association between the inflammation potential of the diet and malnutrition-
inflammation status in Chinese maintenance hemodialysis (MHD) patients.
Methods: Dietary Inflammatory Index (DII) was computed based on a semi-quantitative food frequency questionnaire. Malnutrition-
inflammation status was assessed by six indexes, including C-reactive protein (CRP), neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), hemoglobin (HB), albumin (ALB) and malnutrition-inflammation score (MIS). Multivariable linear
regression and logistic regression were employed adjusting for covariables including age, gender, body mass index and dialysis
vintage.
Results: A total of 161 Chinese MHD patients with an average age of 60.0 ± 13.6 years were enrolled. The median (IQR) DII
score among participants was 0.60 (−0.80, 2.32), revealing a generally pro-inflammatory diet. DII was positively associated
with MIS score (β= 0.61, 95% CI: 0.51, 0.69, p < 0.0001) and CRP (β = 0.54, 95% CI: 0.46, 0.63, p < 0.0001). A negative
relationship between DII and NLR (β = −0.37, 95% CI: −0.61, −0.13, p = 0.008) was found in the most anti-inflammatory diet.
Multivariable logistic regression showed that each unit increase in DII was linked with 3.06 (95% CI: 1.39, 6.69, p = 0.005)
times increased odds of MIS.
Conclusion: Diet with a higher DII score may act as a potential trigger contributing to the development of malnutrition-
inflammation status. Further studies for verification and for developing strategies to decrease the dietary inflammation burden
are warranted.
Keywords: inflammation, cross-sectional study, Chinese population groups, malnutrition-inflammation status, diet

Introduction
Worldwide, malnutrition and inflammation are among the most common forms of complications in maintenance
hemodialysis (MHD) patients. Malnutrition, with a prevalence between 40% and 75% in MHD patients,1,2 is the
most important risk factor for morbidity, the quality of life, all-cause mortality and cardiovascular mortality.3–5

Chronic systemic inflammation is highly correlated with high cardiovascular disease (CVD) mortality and overall
mortality in individuals undergoing hemodialysis.6 Malnutrition and inflammation are closely intertwined in MHD
patients. Terms such as malnutrition inflammatory complex syndrome and malnutrition inflammatory athero-
sclerosis have been constructed to demonstrate complex relations among malnutrition, inflammation, atherosclero-
sis and refractory anemia.7,8
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Diet may play an important role in the regulation of malnutrition and inflammation.9 Several recent systematic
reviews and meta-analyses indicated that dietary behaviors involving high intakes of omega-3 fatty acid and zinc
were associated with low incidence of malnutrition and inflammation.10–12 In this sense, the Dietary Inflammatory
Index (DII), a standardized scoring algorithm, has been established to quantify the overall inflammatory potential
of diet, based on the effort of different dietary components on inflammatory biomarkers.13 The occurrences and
developments of many diseases, including obese,14 diabetes mellitus,15 and cardiometabolic risk and
inflammation,16 is positively linked with higher DII score. Correlation with C-creative protein (CRP), protein
energy wasting and DII was reported in Turkish population undergoing hemodialys.17 However, there is still a gap
of evidence regarding the association between DII and malnutrition-inflammation markers in Chinese MHD
patients. It is known that dietary structures differ greatly in different regions. For instance, in Turkey, low intake
of whole grains, vegetables and fruits and high intake of red meat and processed meat were found to be the main
source of dietary pattern.18,19 Unlike the Turkish diet, Chinese people’ meals mainly consist of grains and plant
foods. The correlation between diet and malnutrition-inflammation status has not been fully studied in this
population. Thus, this study was designed to explore the link between the inflammatory potential of diet,
measured by DII, and malnutrition-inflammation status in Chinese MHD patients.

Patients and Methods
The current cross-sectional study was reviewed and approved by Ethics Committee of Guangdong Provincial Hospital of
Chinese Medicine (YE2021-023-01) and was in compliance with the declaration of Helsinki ethical principles. All
subjects who participated in this study provided written informed consent. MHD patients were recruited from the
Hemodialysis Center of Guangdong Provincial Hospital of Chinese Medicine in Guangzhou City, China. Inclusion
criteria included: age over 18 years, receiving regular hemodialysis that is three times a week for more than six months,
receiving adequate dialysis therapy depending on Kt/V >1.2 and without communication problems and cognitive
limitations. Exclusion criteria were: patients with serious medical comorbidity (pancreatitis, prolonged gastrointestinal
symptoms and cancer), those with other inflammatory diseases.

Data comprised the following assessments: demographics, anthropometrics, dietary assessment, nutritional assess-
ment and laboratory tests. Anthropometric measurements, including height and post-dialysis weight, were collected after
the hemodialysis session. Other assessments were performed during hemodialysis sessions. Body mass index (BMI),
calculated as post-dialysis weight divided by height squared, was classified into underweight, normal, overweight, or
obese according to the World Health Organization categories.20 Pre-dialysis levels of CRP, neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR), hemoglobin (HB), serum creatinine, serum urea, potassium, phosphate,
sodium, calcium, albumin (ALB), total protein (TP), tri-glyceride (TG), total cholesterol (TC), serum total iron binding
capacity, transferrin saturation and parathyroid hormone were collected from patients’ electronic medical files. They were
measured every three months following Standard Operating Procedures for Hemodialysis in China.21 The association of
CRP, inflammatory processes and mortality in dialysis patients has been widely verified in the past decade.22–27 Recent
cross-sectional studies and meta-analysis showed that NLR and PLR were associated with nutrition and inflammation
parameters and can predict all-cause mortality among hemodialysis patients.28–32 Many studies showed that ALB, as
nutritional markers in MHD patients, reflected the nutritional and chronic inflammation status.33,34 Recent study revealed
that HB affected the nutritional status.35

Nutritional assessment was performed using validated malnutrition-inflammation score (MIS).5 The MIS has
been widely used to evaluate protein-energy wasting36,37 namely uremic malnutrition. In recent studies, the MIS
served as the gold standard for examining other assessments for evaluating malnutrition38,39 and has been
validated as a sensitive method for the evaluation of malnutrition in Chinese MHD patients.40 The MIS has 10
components and 4 sections, including nutritional history (weight change, dietary intake, gastrointestinal symp-
toms, comorbidity according to dialysis vintage, functional capacity), physical examination (fat stores and muscle
wasting), BMI, and laboratory values (serum albumin level and iron-binding capacity). The sum of all 10 MIS
components can range from 0 to 30. Based on the MIS, the higher scores, the severer degree of malnutrition and
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inflammation. On the MIS a score <8 was considered as mild malnutrition and that ranging from 8 to 18 was
considered as moderate malnutrition, while a score ≥19 was considered as severe malnutrition.41,42

Dietary habits were collected by assigned clinical physician using semi-quantitative food frequency question-
naire (FFQ).43 Assessment of dietary habits was performed by another physician under the guidance of nutri-
tionist. Recent systematic review and meta-analysis revealed that FFQ is a reliable tool to measure dietary
intake.44 The dietary habits data were utilized to calculate the DII score depending on the calculating protocol
published by Shivappa et al.13 DII was an extensively literature-derived tool, reflecting the effect of diet on
inflammation biomarkers including interleukin-4 (IL-4), interleukin-6 (IL-6), interleukin-10 (IL-10), interleukin-
1beta (IL-1β), tumor necrosis factor alpha (TNF-α) and CRP. Forty-five food parameters were scored with “+1”
whether they increase pro-inflammatory biomarkers (TNF-α, IL-1β, IL-6, and CRP) or decrease anti-inflammatory
biomarkers (IL-4 and IL-10), vice versa. Food parameters were scored with “0” if they had no effect on
inflammatory biomarkers. In this study, 25 parameters that conformed to Chinese dietary culture were available.
Previous study showed that using 25 food parameters would not influence the DII predictive capacity.17 The pro-
inflammatory food parameters were 9 items: Vitamin B12 (μg), Carbohydrate (g), Cholesterol (mg), Energy (kcal),
Total fat (g), Ferrum (Fe) (mg), Protein (g), Saturated fat (g) and Trans fat (g). The anti-inflammatory food
parameters were 16 items: Alcohol (g), β-Carotene (μg), Fibre (g), Magnesium (Mg) (mg), omega-3 fatty acids
(g), omega-6 fatty acids (g), monounsaturated fatty acid (MUFA) (g), polyunsaturated fatty acids (PUFA) (g),
Vitamin B1 (Thiamin) (mg), Vitamin C (mg), Vitamin A (RE), Vitamin E (mg), Zinc (Zn) (mg), Riboflavin (mg),
Niacin (mg) and Selenium (Se) (μg). Z score was calculated by subtracting global daily mean intake and dividing
this value by its standard deviation. Next, it was converted to a percentile score. To center the distribution with
values, values were doubling and subtracting “1”. Finally, values were multiplied by “overall inflammatory effect
score” and then summed to obtain the overall DII score.

All data were processed using the IBM SPSS 26 software. The results were presented as percentages (%) for the
categorical variables and expressed as mean ± standard deviation (S.D.) or median with interquartile range (IQR) for the
continuous variables. DII values were transformed to tertiles. For continuous variables, one-way ANOVA test and
Kruskal–Wallis H-test were used, while chi-square test and Goodman-Kruskal GammaTest were used for categorical
variables. Multivariable linear regression analysis was conducted to evaluate the association between the DII and
malnutrition-inflammation markers (MIS, CRP, ALB, HB, NLR, PLR). To further examine the covariable effect on
this association, we employed Model 1 (unadjusted) and Model 2 (age, BMI, gender, and dialysis vintage were adjusted).
Multivariable logistic regression analysis was then performed to obtain the odds ratio (OR) and 95% confidence interval
(CI) for MIS as the outcome with age, gender, BMI and dialysis vintage regarded as confounder factors. Statistical
significance was accepted as p < 0.05 with effective CI.

Results
Among 171 patients in the hemodialysis center screened in October 2021, a total of 161 MHD patients were
included in this study following inclusion and exclusion criteria. The flow of study participants is shown in
Figure 1. The mean (SD) age of participants was 60.0 (13.6) years with median (IQR) DII 0.60 (−0.80, 2.32). DII
scores of these participants ranged from −4.66 (most anti-inflammatory) to 5.84 (most pro-inflammatory). DII
values were divided into three tertiles (tertile 1 = < −0.0483, tertile 2 = −0.0483 to 1.718, tertile 3 = >1.718). The
demographic characteristics of MHD patients based on DII tertiles are summarized in Table 1. Among the three
DII tertiles, differences in DII score, CRP, PLR, and MIS score were statistically significant (p < 0.05).
Participants in tertile 3 (highest DII score) had markedly higher level of CRP than those in tertile 1 (lowest
DII score) (8.60 vs 1.30 mg/L, p < 0.001). However, NLR levels did not differ among above groups. Participants
in tertile 3 were more likely to have higher MIS score compared with tertile 1 and tertile 2 (middle DII score). No
difference was found among the DII tertiles in HB, ALB, TP, TG, TC and BMI (all p > 0.05).

Table 2 shows the difference in dietary intake based on DII tertiles. Participants in tertile 3 revealed relatively
lower carbohydrate (173.06 g), energy (1321.39 kcal), Fe (17.43 mg), trans fat (0.14 g), fibre (17.82 g), Mg
(323.65 mg), vitamin E (10.07 ± 2.82 mg), Zn (11.29 ± 2.93 mg), riboflavin (1.03 mg) and niacin (30.34 mg), as
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compared with tertile 1 and 2 (p < 0.05). Moreover, participants in tertile 3 were more likely to intake less omega-
3 Fatty acids (0.94 g) and omega-6 Fatty acids (12.12 g) with statistical significance (p < 0.05).

Table 3 shows the association between DII and malnutrition-inflammation markers in hemodialysis patients by
multivariable linear regression. DII score was significantly and positively associated with CRP (Model 1, β =
0.70, 95% CI: 0.58, 0.80, p < 0.0001; Model 2, β = 0.54, 95% CI: 0.46, 0.63, p < 0.0001) and with MIS score
(Model 1, β = 0.58, 95% CI: 0.46, 0.68, p < 0.0001; Model 2, β = 0.61, 95% CI: 0.51, 0.69, p < 0.0001). As DII
was grouped as tertiles, this positive association between DII and MIS score became stronger. The effect size was
0.39 for tertile 2 (Model 1, β = 0.39, 95% CI: 0.11, 0.60, p = 0.004) and 0.60 for tertile 3 (Model 1, β = 0.60,
95% CI: 0.39, 0.76, p < 0.0001). Moreover, the CRP level was higher (Model 1, β = 0.55, 95% CI: 0.27, 0.75, p <
0.0001) in tertile 3 (most pro-inflammatory) compared with tertile 1 (most anti-inflammatory). Meanwhile,
a negative relationship between DII score and NLR (Model 1, β = −0.32, 95% CI: −0.58, −0.02, p = 0.019;
Model 2, β = −0.37, 95% CI: −0.61, −0.13, p = 0.008) was found in the most anti-inflammatory diet (tertile 1).
A negative relationship between DII score and ALB (Model 1, β = −0.32, 95% CI: −0.55, −0.06, p = 0.019) was
found in the most pro-inflammatory diet (tertile 3), but without statistical significance in Model 2. Furthermore,
this positive association between DII and MIS score and CRP remained remarkable when it was adjusted for age,
BMI, gender and dialysis vintage (Model 2). The effect size of MIS score was 0.58 for the most pro-inflammatory
diet (Model 2, β = 0.58, 95% CI: 0.36, 0.76, p < 0.0001), and of CRP was 0.66 for tertile 3 (Model 2, β = 0.66,
95% CI: 0.43, 0.83, p < 0.0001).

The association between DII score and MIS status was evaluated by multivariable logistic regression analysis
(Table 4). In model α, a positive association was observed between MIS status with DII (OR = 2.41, 95% CI: 1.17,
4.99, p = 0.017). It implied that for each 1-unit increase in DII, the odds of MIS increase 2.41 times. Results of the model
β confirmed this correlation, showing that each unit increase in DII was linked with 3.06 (95% CI: 1.39, 6.69, p = 0.005)
times increased odds of MIS.

Discussion
To the best of our knowledge, this is the first cross-sectional study investigating the association between DII and
malnutrition-inflammation markers in Chinese population undergoing hemodialysis. In this study, we found a positive
relationship between CRP, MIS score and pro-inflammatory diet. In the unadjusted model, higher CRP level and MIS
score were found in MHD patients with a pro-inflammatory diet compared with those following an anti-inflammatory

Figure 1 Flow diagram for study participants.
Abbreviation: MHD, maintenance hemodialysis.
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Table 1 Baseline Characteristics of MHD Patients

Variable Total Tertile 1
(DII ≤ −0.0483)

Tertile 2
(−0.0483 < DII <

1.718)

Tertile 3
(DII ≥ 1.718)

P-value

Continuous variables

Participant number 161 53 55 53

(Mean ± SD)

Age (year) * 59.99 ± 13.61 57.94 ± 14.03 60.82 ± 14.51 61.19 ± 12.15 0.406

K+ (mmol/L) * 4.71 ± 0.54 4.70 ± 0.54 4.70 ± 0.50 4.71 ± 0.58 0.990

P (mmol/L) * 1.91 ± 0.41 1.90 ± 0.41 1.91 ± 0.37 1.91 ± 0.46 0.976

(Median [IQR])

Dialysis vintage (yrs)† 3.00(1.00, 7.00) 4.00(1.00, 8.50) 3.00(1.58, 7.00) 3.00(1.00, 6.50) 0.605

DII† 0.60(−0.80, 2.32) −1.41(−2.34, −0.80) 0.60(0.33, 1.25) 3.13(2.32, 3.96) <0.0001

PLR (%)† 161.58(140.90,
207.16)

158.53(140.43,
201.16)

154.91(138.53,
190.43)

186.22(147.93, 244.53) 0.044

HB (g/L)† 111.00(99.51, 118.42) 109.63(96.80, 116.88) 112.67(103.86,
119.43)

110.33(98.27, 119.29) 0.226

Cr (umol/L)† 870.25(765.67,
983.13)

888.38(794.50,
1007.88)

856.00(743.67,
967.60)

870.40(742.90, 987.40) 0.378

Urea (mmol/L)† 25.50(22.07, 28.99) 25.50(22.69, 28.42) 25.24(21.11, 29.20) 25.88(22.07, 29.52) 0.879

Ca (mmol/L)† 2.24(2.11, 2.37) 2.24(2.12, 2.36) 2.22(2.10, 2.37) 2.29(2.09, 2.40) 0.998

ALB (g/L)† 39.60(37.27, 40.92) 40.30(38.12, 41.30) 39.12(36.80, 40.47) 39.60(37.13, 40.64) 0.069

TP (g/L)† 68.06(64.31, 70.54) 67.70(64.12, 70.22) 68.34(64.96, 70.64) 68.08(64.26, 70.63) 0.758

TC (mmol/L)† 3.73(3.14, 4.37) 3.66(2.97, 4.37) 3.75(3.25, 4.23) 3.79(3.22, 4.51) 0.732

Serum total iron

binding capacity

(umol/L)†

38.73(35.01, 44.35) 39.02(34.34, 46.56) 38.67(35.20, 44.25) 39.00(35.16, 44.26) 0.899

Transferrin saturation

(%)†
31.43(23.59, 39.44) 33.40(22.01, 41.33) 30.70(24.24, 35.86) 31.98(23.31, 41.71) 0.441

CRP (mg/L)† 3.29(1.37, 7.20) 1.30(0.69, 2.41) 2.93(1.86, 4.35) 8.60(6.58, 13.95) < 0.0001

NLR (%)† 4.18(3.27, 5.73) 3.90(2.87, 5.11) 4.451(3.49, 5.52) 4.120(3.36, 6.42) 0.099

Na+ (mmol/L)† 139.00(138.00,

140.00)

139.14(138.05,

140.31)

139.00(138.33,

140.00)

138.55(137.86, 140.05) 0.334

TG (mmol/L)† 1.36(0.95, 1.91) 1.12(0.82, 1.91) 1.41(1.03, 2.07) 1.34(1.02, 1.84) 0.081

PTH (pg/mL)† 372.82(210.56,
633.35)

365.80(217.38,
740.82)

359.75(208.40,
525.56)

408.09(183.22, 695.79) 0.684

Categorical variables (%)

Male/ female‡ 50.93%/49.07% 49.06%/50.94% 43.64%/56.36% 60.38%/39.62% 0.208

(Continued)

International Journal of General Medicine 2022:15 https://doi.org/10.2147/IJGM.S356476

DovePress
3643

Dovepress Zeng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


diet. This correlation still existed and even strengthened after adjusting by patients’ age, gender, BMI and dialysis
vintage. A negative relationship between anti-inflammatory diet and NLR was observed and these differences became
positive association in tertile 3 but non-statistical significance. In addition, logistic regression analysis revealed that pro-
inflammatory diet may predict MIS status outcomes. The findings of this study are consistent with the results of the
present studies on dietary behaviors in Portugal45 and India.46

In the present study, percentage of obese participants was higher in tertile 3, but without statistical significance (p
> 0.05). The reason could be that BMI is affected by multiple elements such as subcutaneous and visceral adipose
tissue, hydration status and muscle mass.47 Recently, several studies have showed that waist-hip ratio that mirrors
central obesity was associated with the level of inflammation in the hemodialysis populations.48,49 However, another
study reported that body fat percentage was not a risk factor for inflammation in the male hemodialysis populations.50

Several studies have proved that diet intake could affect malnutrition-inflammation status in MHD patients. Bergesio
et al reported that vegan diet led to lower oxidative stress and inflammation status in patients with advanced chronic
kidney disease compared to conventional diet in patients with the same level of renal function.51 However, MHD patients
are restricted of vegetables and fruits to prevent hyperphosphatemia and hyperpotassemia. Recently, many studies
indicated that Mediterranean diet decreased lipid profile, inflammation status, and lipid peroxidation in patients with
advanced chronic kidney disease.52,53 A meta-analysis of cohort studies showed that healthy dietary patterns, including
increasing fruit and vegetable, fish, legume, whole grain, and fiber intake, and reducing red meat, sodium, and refined
sugar intake, were linked with lower mortality in patients with chronic kidney disease.54 However, another meta-analysis
showed that dietary interventions had uncertain effects on mortality and cardiovascular events among patients with
chronic kidney disease.55

The underlying mechanism behind the positive relationship between DII and malnutrition-inflammation markers was
unclear. According to the DII calculation protocol, food components were categorized into pro-inflammatory or anti-
inflammatory components.13 As for omega-3 fatty acid, an anti-inflammatory food parameter, a meta-analysis found that
supplying omega-3 fatty acid led to a reduction in inflammation index levels.12 Zinc, an anti-inflammatory microelement,
was related to immune status, inflammation, and oxidative damage.56 A meta-analysis revealed that zinc intake/supplemen-
tation exerted important effect on antioxidative stress and suppression of calcification and may help to ameliorate CVD risk
factors.11 Vitamin C and E are major antioxidant. Several studies showed that Vitamin C supplementation or Vitamin

Table 1 (Continued).

Variable Total Tertile 1
(DII ≤ −0.0483)

Tertile 2
(−0.0483 < DII <

1.718)

Tertile 3
(DII ≥ 1.718)

P-value

BMI (kg/m2) θ 0.125

Underweight (< 18.5) 16.98% 5.45% 9.43%

Normal (18.5–24.9) 69.81% 78.18% 66.04%

Overweight (25–29.9) 13.21% 14.55% 22.64%

Obese (> 30) 0.00% 1.82% 1.89%

MIS (%) θ <0.0001

< 8 50.94% 40.00% 3.77%

8–18 49.06% 60.00% 94.34%

19–30 0.00% 0.00% 1.89%

Notes: *One-way ANOVA test; †Kruskal–Wallis H-test; ‡chi-square test; θ Goodman-Kruskal GammaTest. Statistically significant at P < 0.05.
Abbreviations: DII, dietary inflammatory index; CRP, c-reactive protein; HB, Hemoglobin; Cr, serum creatinine; Urea, serum urea; ALB, albumin; TP, total protein; TG, tri-
glyceride; TC, total cholesterol; PTH, parathyroid hormone; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MIS,
malnutrition-inflammation score.
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Table 2 Distribution of Food Parameter of MHD Patients

Food Parameter/
Day

Total Tertile 1 Tertile 2 Tertile 3 P-value

(Mean ± SD)

Total fat (g)* 35.22 ± 13.52 38.82 ± 15.50 33.53 ± 12.26 33.37 ± 12.11 0.06

MUFA (g)* 12.37 ± 5.01 13.66 ± 5.65 11.58 ± 4.29 11.90 ± 4.87 0.069

Vitamin E (mg)* 11.01 ± 3.42 12.35 ± 3.72 10.63 ± 3.31 10.07 ± 2.82 0.001

Zn (mg)* 12.39 ± 3.18 13.72 ± 3.41 12.16 ± 2.76 11.29 ± 2.93 <0.0001

(Median [IQR])

Energy (kcal)† 1398.58

(1180.07,1691.58)

1583.75

(1376.89,1852.30)

1362.19

(1158.92,1589.14)

1321.39

(1063.60,1531.50)

<0.0001

Carbohydrate (g)† 196.18(150.94,242.83) 218.92(193.28,273.41) 185.73(146.46,225.61) 173.06(137.60,214.09) <0.0001

Protein (g)† 72.87(58.79,92.13) 82.43(60.97,101.31) 72.87(60.90,86.33) 68.78(54.25,88.58) 0.105

Saturated fat (g)† 8.79(6.49,11.52) 9.42(6.97,11.97) 9.34(6.63,11.02) 7.93(6.35,11.93) 0.535

Fibre (g)† 23.00(15.02,30.20) 26.24(18.70,31.42) 23.27(13.23,30.38) 17.82(12.25,23.41) <0.0001

Mg (mg)† 359.17(319.97,410.30) 396.37(360.44,452.16) 358.18(324.20,405.62) 323.65(297.29,363.84) <0.0001

Omega-6 fatty acids
(g)†

13.32(9.53,17.39) 15.14(11.84,21.26) 11.37(8.51,15.06) 12.12(9.32,15.87) 0.002

PUFA (g)† 8.55(5.39,11.82) 9.97(6.22,12.92) 8.44(4.58,11.68) 7.80(5.46,10.58) 0.207

VitaminB1(thiamin)

(mg)†
1.01(0.74,1.38) 1.16(0.85,1.52) 0.99(0.75,1.32) 0.92(0.67,1.35) 0.181

Riboflavin (mg)† 1.22(0.95,1.49) 1.36(1.08,1.58) 1.24(0.96,1.52) 1.03(0.89,1.29) 0.002

Niacin (mg)† 31.24(24.89,37.29) 34.73(26.83,40.79) 29.49(25.00,35.70) 30.34(21.65,33.49) 0.006

Se (μg)† 33.77(27.93,43.53) 36.08(28.57,50.63) 35.19(27.93,42.02) 32.10(26.87,42.14) 0.235

Vitamin B12 (μg)† 1.60(1.15,2.28) 1.84(1.04,2.34) 1.67(1.22,2.14) 1.56(1.07,2.36) 0.755

Cholesterol (mg)† 125.00(82.24,182.07) 136.18(92.38,186.94) 121.49(85.25,179.47) 115.18(71.46,193.81) 0.766

Fe (mg)† 19.03(16.87,22.26) 21.91(17.86,25.32) 19.03(16.94,21.59) 17.43(15.42,19.93) <0.0001

Trans fat (g)† 0.18(0.08,0.41) 0.29(0.14,0.49) 0.15(0.08,0.32) 0.14(0.06,0.31) 0.028

Alcohol (g)† 0.00(0.00,0.00) 0.00(0.00,0.00) 0.00(0.00,0.00) 0.00(0.00,0.00) 0.737

β-carotene (μg)† 3999.68

(2496.03,5335.18)

4062.30

(2727.99,5335.18)

4037.20

(2680.57,5495.60)

3965.47

(2325.66,5260.69)

0.144

Omega-3 fatty acids

(g)†
0.97(0.75,1.52) 1.33(0.81,2.23) 0.93(0.67,1.32) 0.94(0.60,1.48) 0.007

Vitamin C (mg)† 59.92(36.08,71.88) 62.08(45.78,69.91) 63.28(36.41,88.57) 53.97(32.16,67.40) 0.235

Vitamin A (RE)† 421.35(279.62,521.56) 443.96(339.08,503.56) 434.01(269.79,575.39) 396.70(260.88,491.70) 0.229

Notes: *One-way ANOVA test; †Kruskal–Wallis H-test. Statistically significant at P < 0.05.
Abbreviations: PUFA, polyunsaturated fatty acids; MUFA, monounsaturated fatty acid.
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Table 3 Association Between Dietary Inflammatory Index and Malnutrition-Inflammation Markers Among Hemodialysis Patients

DII Groups Model 1 Model 2

MIS CRP (mg/L) ALB (g/L) HB (g/L) NLR (%) PLR (%) MIS CRP (mg/L) ALB (g/L) HB (g/L) NLR (%) PLR (%)

Continuous

β 0.58 0.70 −0.16 0.04 0.12 0.10 0.61 0.54 −0.10 0.01 0.14 0.03

95% CI (0.46, 0.68) (0.58, 0.80) (−0.30,
-0.01)

(−0.11, 0.20) (−0.04, 0.28) (−0.20, 0.26) (0.51, 0.69) (0.46, 0.63) (−0.27, 0.09) (−0.15, 0.18) (−0.06, 0.30) (−0.15, 0.22)

P-value <0.0001 <0.0001 0.054 0.617 0.12 0.197 <0.0001 <0.0001 0.213 0.923 0.076 0.698

Tertile 1

β −0.04 0.04 0.04 −0.13 −0.32 −0.16 −0.01 −0.18 0.03 −0.13 −0.37 −0.30

95% CI (−0.30, 0.21) (−0.28, 0.33) (−0.25, 0.32) (−0.39, 0.16) (−0.578, -0.02) (−0.48, 0.14) (−0.30, 0.27) (−0.54, 0.22) (−0.25, 0.33) (−0.42, 0.14) (−0.61, -0.13) (−0.57, 0.02)

P-value 0.78 0.784 0.804 0.361 0.019 0.252 0.929 0.224 0.854 0.369 0.008 0.037

Tertile 2

β 0.39 0.29 0.01 0.01 0.03 −0.05 0.41 0.28 0.03 −0.06 −0.03 −0.14

95% CI (0.11, 0.60) (0.06, 0.51) (−0.28, 0.30) (−0.28, 0.28) (−0.23, 0.31) (−0.32, 0.23) (0.12, 0.64) (−0.01, 0.50) (−0.26, 0.29) (−0.34, 0.23) (−0.29, 0.29) (−0.42, 0.21)

P-value 0.004 0.031 0.957 0.932 0.824 0.732 0.003 0.045 0.848 0.697 0.82 0.318

Tertile 3

β 0.60 0.55 −0.32 −0.14 0.01 −0.05 0.58 0.66 −0.23 −0.13 0.19 −0.01

95% CI (0.39, 0.76) (0.27, 0.75) (−0.55, -0.06) (−0.39, 0.13) (−0.29, 0.31) (−0.31, 0.22) (0.36, 0.76) (0.43, 0.83) (−0.47, 0.08) (−0.37, 0.12) (−0.12, 0.43) (−0.28, 0.23)

P-value <0.0001 <0.0001 0.019 0.325 0.966 0.699 <0.0001 <0.0001 0.116 0.394 0.197 0.935

Notes: Model 1: unadjusted; Model 2: age, BMI, gender, and dialysis vintage were adjusted.
Abbreviations: CRP, c-reactive protein; HB, Hemoglobin; ALB, albumin; NLR, Neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MIS, malnutrition-inflammation score.
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E-coated dialyzer could attenuate HD-evoked oxidative stress by inhibiting lipid peroxidation and overexpression of
proinflammation cytokines in MHD patients.57,58 Vitamin B12, a pro-inflammatory food parameter, may have a beneficial
effect on hyper-homocysteinemia.59 Interestingly, in our study, the levels of several pro-inflammatory food parameters in
tertile 1 (most anti-inflammatory diet), such as carbohydrate, energy, Fe and trans fat, were higher compared with parameters
in tertile 3 (most pro-inflammatory diet). It may reflect the unique dietary characteristics of the Chinese population. As
Traditional Chinese Medicine Specialist Zhang Qi pointed out, Chinese MHD patients’ meals mainly consist of grains and
plant foods and they have insufficient protein and energy in their diet. In this study, participants certainly had lower energy
intake than the recommended daily amount (1453.38 Kcal vs 2100.00 Kcal).60 It falls in line with result from a study on
comparing dietary intake between MHD patients in the United Kingdom and China.61

This cross-sectional study has a relatively large sample size, resulting in being able to control for variable covariates.
Besides, the present study is the first to explore DII in Chinese population undergoing maintenance hemodialysis. Our
study still has several limitations that should be considered. Firstly, dietary habit recall and selection biases are inevitable.
Secondly, more markers, such as IL-6, TNF-α, mid upper arm circumference, triceps skinfold thickness and waist-to-hip
ratio, should be subsumed to evaluate malnutrition-inflammation status. Thirdly, we did not assess the level of 25-OH-
vitamin D (3) in this study. Vitamin D deficiency is common in hemodialysis patients and was followed with higher level
of inflammation.62–64 Further studies including the level of 25-OH-vitamin D (3) would provide a better understanding of
the relation between DII and inflammation in Chinese population undergoing hemodialysis.

Conclusions
For Chinese MHD patients, a higher pro-inflammatory diet measured by DII score may act as a potential risk factor for
the development of malnutrition-inflammation status. Further studies for verification and for developing strategies to
decrease the dietary inflammation burden are warranted.

Institutional Review Board Statement
The study was conducted according to the Declaration of Helsinki, and approved by the Ethics Committee of Guangdong
Provincial Hospital of Chinese Medicine (YE2021-023-01).

Informed Consent Statement
Written informed consent was obtained from all subjects involved in the study.

Data Sharing Statement
The data presented in this study are available upon reasonable request to the corresponding author.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Table 4 Multivariate Logistic Regression Analysis with MIS Status as Outcome

Multivariate Model α Multivariate Model β
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CRP 1.05 (1.01, 1.10) 0.021 1.06 (1.01, 1.11) 0.012

DII 2.413 (1.17, 4.99) 0.017 3.06 (1.39, 6.69) 0.005

Notes: α Variables included in the analysis were CRP and DII; βVariables included in the analysis were CRP, DII, age, gender, BMI and dialysis
vintage.
Abbreviations: DII, dietary inflammatory index; CRP, c-reactive protein; BMI, body mass index.
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