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Abstract

In this cross-sectional study, we hypothesized that hemodialysis patients consuming
greater processed meat is associated with hypertension risk, which can be partly explained
by the high sodium content in processed meat. From September 2013 to May 2014, one
hundred and four patients requiring chronic hemodialysis treatment were recruited from
hemodialysis centers. Data on systolic blood pressure and diastolic blood pressure before
receiving dialysis, and 3-day dietary records of the recruited patients were collected. HD
patients with systolic and diastolic blood pressures greater than140 mmHg and higher than
90 mmHg, respectively, were considered hypertension risk. Protein foods were divided into
4 categories: red meat, white meat, soybeans, and processed meat (e.g., sausage and
ham). In a model adjusted for energy intake and hypertension history, additional servings of
processed meats was positively associated to systolic blood pressure >140 mmHg (odds
ratio [95% confidence interval]: 2.1 [1.0—4.3]), and diastolic blood pressure > 90 mmHg
(odds ratio: 2.5 [1.2-5.5]). After adjustment for dietary sodium contents or body mass index
(BMI), most associations were substantially attenuated and were no longer significant. In
systolic blood pressure greater than140 mmHg, one serving per day of red meats (8 =
-1.22, P <.05) and white meats (8 =-0. 75, P = .05) was associated with a reduced risk com-
pared with one serving per day of processed meats. Similarly, compared with one serving
per day of processed meat, a reduced risk of diastolic blood pressure higher than 90 mmHg
was associated with one serving per day of red meat (B =-1. 59, P < .05), white meat (8 =
-0. 62, P <.05). Thus, in these hemodialysis patients, intake of processed meat is signifi-
cantly positively associated with higher blood pressure risk, and both sodium contents in
processed meat and BMI significantly contributes to this association.
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Introduction

The life expectancy of hemodialysis (HD) patients appears shorter than that of the general
population with the same gender and age [1,2]. Cardiovascular disease (CVD) is considered
the leading cause of death in HD patients, and reducing risk factors for CVD can decrease
CVD mortality [1-3]. The results of the Nurses’ Health Study [4] and another survey
recruited Swedish women (n = 345,760) [5] reveal that higher intake of processed meat is
associated with increased risk of CVD. Processed meat mostly comprises pork and beef,
which undergo treatment for improving their texture and flavor and increasing their preser-
vation time [4]. Processed meat also contains high concentration of sodium and phosphorus
[6,7]. Both HTN and hyperphosphatemia are risk factors for CVD in HD patients [8].
Greater sodium intake increases risk of hypertension (HTN) [9], and increase in phosphate
intake elevates risk of hyperphosphatemia [10] in HD patients. However, most studies have
investigated the effects of processed meat on hyperphosphatemia [10-12], and the associa-
tion between processed meat and blood pressure in HD patients has been evaluate in a few
study.

Inflammation is reported another major risk factor for CVD in HD patients [13]. In a cross-
sectional study, higher sodium intake is positively associated with elevated concentration of
high-sensitivity C-reactive protein (CRP) in the general population (n = 1597) [14]. In addi-
tion, a study on the chronic kidney disease animal model reveals that high sodium diet
increases inflammation level [15]. Therefore, high sodium content in processed meat may ele-
vate inflammation marker levels. In the Nurses’ Health Study, Ley et al. observe that greater
processed meat intake is associated with increased serum CRP concentration [16]. Moreover,
substituting one serving of red meat with that of white meat or plant protein substantially
reduced the risks of inflammation, CVD incidence, and mortality in the Nurses” Health Study
[17,18]. Furthermore, the previous study reports the effects of processed meat intake on
inflammation markers in the general population [19], but less study has focused on HD
patients whose CVD risk is higher than the general population [1,2].

Therefore, in this study, we investigated the association between processed meat intake and
two CVD risk factors in HD patients: HTN and inflammation marker levels. We also examined
if substituting processed meat with another protein food could attenuate the positive associa-
tion between processed meat and these two CVD risk factors.

Materials and Methods
Patients

One hundred and eleven chronic kidney disease patients from two HD centers affiliated with
Taipei Medical University (Taipei, Taiwan) were recruited from September 2013 to June 2014.
All participants regularly underwent HD treatment three times weekly with a dialysis time of
3.5-4 h per session for at least three consecutive months. Furthermore, all HD patients were
aged >20 years and had no malignant tumors, cirrhosis, or acute infection, and were not hospi-
talized one month prior to recruitment. The excluding criteria were HD patients with an
extremely high serum CRP concentration, Kt/V <1.2, or inadequate protein intake (normal-
ized protein nitrogen appearance, nPNA: <0.8 [20]). Finally, one hundred and four patients
were included in this study, and Fig 1 shows the recruitment flowchart. According to the
FDAAAS801 requirement, this objective study did not require registration in Clinicaltrial.gov.
This study was conducted after approval by the Taipei Medical University Joint Institutional
Review Board (no. 201302024). All patients signed consent forms before participation (S1
Appendix).
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HD patients recruited from
Taipei Medical University Hospital and Wan Fang Hospital

(n=111)

Kt/V<12(n=3)

CRP concentration extreme high (n = 3)

nPNA < 0.8 glkg (n=4)

Analysis data

(n=104)

Fig 1. Flowchart of participants through the study.

doi:10.1371/journal.pone.0141917.g001

Study procedures and main outcomes

In this cross-sectional and objective study, all data and information were collected in the same
week. The medical chart was used to collect the data and information, excepting dietary his-
tory. The demographic data included gender, age, HD duration, medication and comorbidities,
including HTN, diabetes, and CVD. Participants were considered with HTN history, if the
diagnosis code from 110 to I15 in tenth revision of the international classification of diseases
and health problems (ICD-10) was found in their medical chart. Manifestations of CVD
included myocardial infarction (ICD 10 code 124.1), heart failure (ICD 10 code I50) and stroke
(ICD 10 code 161-164). In the anthropometric measurements, body mass index (BMI) was cal-
culated from the dry body weight. The seated systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured using electronic BP monitors (Colin TP-8800 Series NIBP
Monitor, Mexico or Terumo ES-P110, Japan). HD patients with a weekly average SBP >140
mmHg and DBP >90 mmHg were considered hypertension [21,22]. Besides, 64% of the
patients (n = 57) had SBP >140 mmHg, 16% (n = 17) had DBP >90 mmHg, and 13% (n = 13)
had both high SBP and DBP. However, only 10 patients (10%) took at least one kind of antihy-
pertens(ion medication, and most of them used diuretic (n = 7) to control their blood pressure.
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Diuretic was deposited in the loop of Henle of renal tubules and interrupts sodium and chlo-
rine reabsorption. Other antihypertensive medication used included angiotensin-converting-
enzyme inhibitor (n = 6), and beta-adrenergic blocking agents (n = 4). All participants main-
tained their antihypertensive medication for at least 3 month before participation in this study.
All serum samples were collected after fasting at least 8-h period and were then sent to the
Department of Laboratory Medicine, Taipei Medical University Hospital for analysis. The
serum concentration of CRP was measured using a particle-enhanced immunoturbidimetric
assay (IMMULITE; Diagnostic Products Corp., Los Angeles, California), and the coefficient of
variation was <5% at 0.20 mg/L of CRP. A previous study indicated that HD patients with a
CRP concentration >3 mg/L (equal to 2.86 nM/L) had significantly higher mortality rate [23].
Therefore, serum CRP concentration >3 mg/L was defined as inflammation, which was
observed in 45% (n = 47) of the HD patients in this study.

Dietary intake

All patients were requested to white down a 3-day dietary record, which comprised details on
one dialysis day and 2 nondialysis days (one each on a weekday and weekend). The process of
collecting 3-day dietary record has been published [24]. In brief, trained dietitians taught the
subjects, and provided the standardized instructions about how to complete the 3-day diet.
Besides, all subjects had to meet the dietitians by face-to-face or telephone every day to confirm
that they completed the dietary record. In the same week, the trained dietitian collected the
3-day dietary record, and another 24-h dietary recall was also collected face-to-face to correct
the 3-day dietary records, particularly for fat, oil, and snacks [25]. All dietary records were eval-
uated by the same dietitian. The nutritional components were analyzed using nutrition analysis
software (e-Kitchen) which was based on official publications of Taiwan food composition
tables. Furthermore, the average dietary intake of each patient was used to calculate the result.
nPNA was used as the indicator for dietary protein intake, and the following equation was
applied: (mg/dL)/[25.8 + 1.15/(Kt/V) + 56.4/(Kt/V)] + 0.168 [26].

For assessing the reliability and validity of 3-day dietary records in this study, the Gold-
berg index and another 3-day dietary record of 77 participants were used [27,28]. The Gold-
berg index was the ratio of energy intake to the total energy expenditure (TEE) [27]. TEE
was calculated by multiplying resting energy expenditure obtained using an indirect calo-
rimeter (MedGem, Microlife USA, Dunedin, FL) by the physical activity level obtained
using a structured questionnaire [29] in the same week for collection of the 3-day dietary
record. Under-reporters were defined as those with the energy intake/TEE ratio of <0.81 for
men and <0.79 for women. According to the cut-off points, 11.1% of female patients, 4.9%
of male patients, and 7.8% of all patients were classified as under-reporters. This proportion
was lower than that in a previous study [27,30]. The dry body weight of all 77 participants
was the same in the two 3-dietary records within 1 month. Comparing the two 3-day dietary
records, no statistical difference was observed in energy and dietary component intake
(P > .05, S1 Table).

The protein foods were grouped according to the Nurses’ Health Study [16,17,31], Health
Professionals Follow-Up Study [31], European Prospective Investigation into Cancer and
Nutrition study [4], and Nutrition and Health Survey in Taiwan [6]. The protein foods were
categorized into 4 groups: 1) processed meat (ham, sausage, hot dogs, pork floss, pork balls,
and other instant foods); 2) red meat (fresh beef, pork, and lamb); 3) white meat (poultry, fish,
seafood and eggs); and 4) soybeans (soybeans products, e.g. tofu and soy milk). Each serving of
a protein source provided approximately 7 g of protein, which was almost equivalent to the
protein content of an egg [32].
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Statistical analysis

The continuous variables were expressed as the mean + standard error and mean (95% confi-
dence intervals, Cls), and the categorical variables were expressed as the number of subjects
(%). The normal distribution was assessed by the Kolmogorov-Smirnoff test. Gender-linked
differences between groups was tested using Student's t-test for normally distributed data, and
otherwise using the simple linear rank test. Categorical variable proportions were compared
between groups by using the chi squared test. Furthermore, multiple robust regression models
were used for analyzing the association between the different protein foods and blood pressure
and serum CRP concentrations. Multiple logistic regression models were used to determine the
odds ratio for hypertension and inflammation among different protein foods. Model 1 was
adjusted for dietary energy, and Model 2 was additionally adjusted for gender, age, HTN medi-
cation (only for SBP and DBP), and HD duration (only for serum CRP). Because HTN history
and HTN medication had collinearity in the regression model for hypertension, and HTN
medication had higher predictive power. Therefore, this study did not adjust for HTN history.
In addition, because the BMI [16] and sodium content in food [8] may modify the association
between different protein foods and the CVD risk factors: HTN and inflammation, Model 2
was additionally adjusted for BMI, sodium contents, and their interaction with the protein
foods. Phosphorus and fatty acids components in processed meat may also affect the associa-
tion of processed meat and hypertension [33-35]. Besides, in this study, there was a slightly
positive association between phosphorus and sodium contents in processed meat (r

square = 0.03, P = 0.04). Therefore, both phosphorus and fatty acids components would be
considered in the Model 2.

The effects of substituting one serving of processed meat with one serving of another protein
foods was estimated by including both sources as continuous variables in the same multiple
regression model [16,17]. The difference in the coefficients, variance and covariance between
different protein foods was used to estimate the coefficients + SEs and P values of the substitu-
tion effect [16]. The SAS 9.3 program (SAS Institute Inc., Cary, North Carolina) was used for
performing statistical analysis. A 2-tailed p value of <0.05 was considered significant.

Results

The demographic data of 104 participants was shown in Table 1. Their mean age was

62.3 + 1.5 years old, and 48% (n = 50) of them were male participants. In this study, the median
of HD duration was 6.5 years (range: 0.2-19.6 y). In comorbidity, percentage of fifty-two

(n =54) had HTN, and 49% (n = 51) had CVD. The mean SBP was 144.5 + 2.4 mmHg, DBP
was 76.6 £ 1.4 mmHg, and serum CRP level was 5.0 + 0.8 mg/L. Except for the male partici-
pants with greater dietary energy and phosphate intake, no significant difference was observed
between different gender groups.

All patients consumed 1.3 + 0.2 servings of processed meat, 1.0 + 0.1 servings of red meat,
2.4 £ 0.2 servings of white meat, 0.5 £ 0.1 servings of soybeans (Table 1). The top 3 sources of
processed meat were pork balls, ham, and pork floss. The sodium in processed meat was 1.6-
45.7 times higher than red meats, 2.6-37.1 times higher than white meats, and 1.5-815.3 times
higher than soybeans was found (Table 2). In this study, no linear association (P > 0.05) was
observed between processed meats intake and serum CRP concentration, SBP, and DBP.

SBP >140 mmHg and DBP >90 mmHg were considered as HTN in this study. After adjust-
ment for gender, age, HTN medication, and dietary energy intake, each additional serving of
processed meat positively associated with the risk of HTN (Table 3). The odds ratio for SBP
>140 mmHg was 2.10 (95% CI, 1.03 to 4.30) and odds ratio for DBP >90 mmHg was 2.51
(95% CI, 1.15 to 5.47). Furthermore, an increasing intake of 1 serving size of red meat was
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Table 1. Descriptive data of all HD patients
All patients (n = 104)

Male patients (n = 50)

Female patients (n = 54)

Age (y) 62.3+1.5 63.9+2.1 60.6 + 2.1
Hemodialysis duration (y) 4.1 (0.2, 21.5) 4.1 (0.5, 21.5) 4.2(0.2,17.4)
Charlson comorbidity index 1.8+0.1 1.7+£0.2 1.8+£0.2
Comorbidity (n)
Diabetes 48 (46%) 26 (52%) 21 (39%)
Hypertension 54 (52%) 28 (55%) 26 (49%)
Cardiovascular disease 49 (47%) 19 (38%) 30 (56%)
SBP (mmHg) 1445+24 146.7 £ 3.7 1421 +£29
DBP (mmHg) 766+ 1.4 78.8+22 743+17
C-reactive protein (mg/L) 5.0+0.8 56+1.2 45+1.0
Serum phosphate (mg/dL) 53+0.2 57+0.3 51+0.2
Ktiv 1.7+0.0 1.6+0.1 1.7+£0.1
Red meats (servings) 1.0+£0.1 1.1+0.2 0.8+0.2
Processed meats (servings) 1.3+0.2 1.6+0.3 1.1+0.2
White meats (servings) 24+0.2 24+0.2 23+0.2
Soybeans (servings) 0.5+0.1 0.5+0.1 0.6 +£0.1
Energy intake (kcal/day) 1550.1 + 56.4 17121 £79.1 1384.3 + 72.7*
nPCR (g/kg/day) 1.240.0 12401 1.240.0
Dietary phosphoate (mg) 632.5 + 32.9 760.0 + 68.1 552.8 + 30.8*

SBP: systolic blood pressure, DBP: diastolic blood pressure, nPCR: normalized protein catabolic rate.

*p < 0.05.

doi:10.1371/journal.pone.0141917.t1001

negatively associated with the risk of HTN, and the odds ratio for SBP >140 mmHg was 0.48
(95% CI: 0. 27, 0. 88) and DBP >90 mmHg was 0. 38 (95% CI: 0. 20, 0. 74). After further
adjustment of sodium contents or BMI, these associations with SBP >140 mmHg and DBP
>90 mmHg attenuated and were no longer significant. Both of white meats and soybeans were
not significantly associated with blood pressure of HD patients. Patients with a serum CRP
concentration >3 mg/L were considered to have inflammation, and no association was
observed between inflammation and the 4 protein foods.

The substitution effects were estimated according to exchanging one serving of processed
meat intake with another protein food containing equal protein. Substituted one serving of
processed meat with one serving of red meat or white meat was negatively associated with risk
of SBP >140 mmHg and DBP >90 mmHg in HD patients (Table 4). These effects became
attenuated to non-significance after additional adjustment of models for sodium contents or
BMI. Moreover, after further adjusted for the saturated fatty acids (percentage of dietary
energy), the ratio of unsaturated fatty acids to saturated fatty acids, serum phosphate, or the
interaction between phosphorus and sodium contents in processed meat, substituting pro-
cessed meat with other protein foods remained significantly associated with SBP >140 mmHg
and DBP >90 mmHg (data did not shown).

The equation included processed meats and alternative protein foods at the same time, and
Model 2 for blood pressure: adjusted for gender, age, HTN medication and dietary energy,
Model 2 for inflammation status: adjusted for gender, age, hemodialysis duration and dietary
energy. Model 2 + BMI included adjusting for the interaction between BMI and processed
meat. Model 2 + sodium included adjusting for the interaction between sodium contents and
protein foods.
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Table 2. Sodium and phosphorus content of the protein foods in HD patients

Protein foods

Red meats
Pork belly
Lean pork
Lean beef
Pork Loin
White meats
Fish
Chicken
Egg
Egg white
Soybeans
Soy milk
Dried tofu
Tofu
Fried tofu
Processed meats
Pork ball
Ham
Pork floss
Mix food
Dumpling
Pork bun

Na: sodium, P: phosphorus.

doi:10.1371/journal.pone.0141917.t002

g/serving

50
35
35
35

35
35
55
70

260
45
80/140
55

40
45
20

45
40

Na (mg)/serving P (mg)/serving P (mg)/ protein (g)

18.0 64.0 8.8
13.7 78.1 10.8
27.9 92.3 12.6
10.7 11.6 1.7

11.2-28.0 62.7-71.2 8.9-11.2

13.2 21.6 4.5
74.3 101.8 15.3
90.3 4.2 0.7
112.0 140.0 13.0
155.8 101.9 15.1

0.8 88.8 13.1

0.6 119.9 17.2
232.8 68.4 10.4
489.2 132.8 18.8
293.4 56.2 8.5
141.3 27.5 7.8
96.4 125.6 44.2

Discussion

For HD patients, SBP >140 mmHg was associated with an elevated risk of CVD events and
mortality [36]. In this study, greater intake of processed meat was positively associated with the
risk of HTN. After adjustment for sodium contents or BMI, the association with HTN was
attenuated, which meant both sodium contents and BMI accounted for significant proportion
of this association. Substituting a serving of per day processed meat intake with that of red
meat and white meat was negatively associated with the HTN risk.

This study revealed that greater intake of processed meat, but not unprocessed red meat,
was associated with higher HTN risk in HD patients. This result was consistent with a previous
15-year prospective study conducted among a population of 44,616 disease-free French
women, in whom a higher processed meat intake was associated with elevated HTN risk [37].
Compared with French women who consumed less than 1 serving per week of processed meat,
women who consumed >5 servings per week had a 17% higher rate of HTN. Furthermore, the
Nurses’ Health Study reported that a higher intake of processed meat was significantly associ-
ated with increased CVD mortality [17]. An 11.8-year follow-up study of a cohort of Swedish
men revealed a positive association between the intake of processed meat and incidence of
heart failure [38]. CVD was the primary cause of death in HD patients [39], and HTN was a
major risk factor for CVD in both general population and HD patients [40,41]. Future studies
were necessary for clarifying the association between processed meat intake and CVD mortality
in HD patients.
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In 2000, the National Heart, Lung, and Blood Institute circulated a warning that higher
sodium intake would increase HTN risk [42]. In accordance, the results of this study revealed

that the association between processed meat and HTN risk was significantly attenuated after

additional adjustment for sodium intake. Processed meat was the major source of sodium
[43]. According to the Nutrition and Health Survey in Taiwan, the average sodium intake is
4070 mg/day, and processed meat contributes to 43% of the total sodium intake [6]. In this

study, the amount of sodium from processed meat was 1.5-815.3 times higher than other pro-

tein foods. For instance, one serving of ham contains 489.2 mg of sodium, and one serving of
pork belly contains only 18.0 mg of sodium. By contrast, the results of this study suggested that
the effects of substituting processed meat with red and white meat were not significant after
adjustment for dietary sodium contents. This was consistent with a previous study stating that
reducing the intake of processed meat lowers sodium intake [44].
Studies have suggested that dialysis patients should avoid excess sodium and alcohol to
control their blood pressure [45,46]. In this study, all subjects do not drink any alcohol. In
addition, the Dietary Approaches to Stop Hypertension (DASH) eating pattern is suggested
for lowering blood pressure in the general population [47]. The DASH diet is rich in fruits,
vegetables, whole grains and low-fat dairy products and reduced in total and saturated fat, cho-
lesterol, and sugar-sweetened products. However, the DASH diet is rich in potassium and

Table 3. Odds ratio of one serving per day of protein foods intake and CVD risk factors’.

Red meats

Model 1
Model 2
Model 2 + BMI
Model 2 + sodium

White meats
Model 1
Model 2
Model 2 + BMI
Model 2 + sodium
Soybeans products

CRP >3 mg/L

0.85 (0.62, 1.15)
0.87 (0.64, 1.19)
1.00 (0.08, 11.98)
0.63 (0.36, 1.12)

0.96 (0.76, 1.22)
0.98 (0.76, 1.25)
1.22 (0.14, 10.50)
0.76 (0.48, 1.22)

SBP >140 mmHg
Odds ratio (95% CI)

0.46 (0.32, 0.66)
0.48 (0.27, 0.88)
1.28 (0.80, 2.03)
1.21 (0.77, 1.92)

0.79 (0.62, 1.01)
0.81 (0.56, 1.16)
0.93 (0.55, 1.59)
0.92 (0.54, 1.56)

DBP >90 mmHg

0.33 (0.22, 0.52)
0.38 (0.20, 0.74)
0.74 (0.38, 1.45)
0.72 (0.38, 1.37)

0.92 (0.72, 1.16)
0.83 (0.58, 1.19)
1.48 (0.70, 3.12)
1.32 (0.65, 2.67)

Model 1 1.70 (0.92, 3.13) 1.12 (0.73, 1.70) 1.01 (0.67, 1.53)

Model 2 1.68 (0.90, 3.13) 1.00 (0.62, 1.63) 0.73 (0.35, 1.51)

Model 2 + BMI 1.18 (0.01, 2.34) 1.07 (0.64, 1.76) 0.66 (0.31, 1.44)
Model 2 + sodium 0.85 (0.20, 3.51) 0.97 (0.59, 1.62) 0.62 (0.29, 1.32)

Processed meats

Model 1 0.89 (0.71, 1.12) 1.69 (1.30, 2.21) 1.84 (1.33, 2.56)

Model 2 0.86 (0.67, 1.10) 2.10 (1.08, 4.30) 2.51 (1.15, 5.47)

Model 2 + BMI 0.20 (0.04, 0.96) 1.21 (0.82, 1.76) 1.21 (0.74, 1.97)
Model 2 + sodium 0.69 (0.39, 1.22) 1.17 (0.80, 1.71) 1.16 (0.72, 1.86)

Values presents as odds ratio (95% CI).

Model 1: adjusted for dietary energy. Model 2 for blood pressure: adjusted for gender, age, HTN
medication, and dietary energy, Model 2 for inflammation status: adjusted for gender, age, hemodialysis
duration and dietary energy. Model 2 + BMI included adjusting for the interaction between BMI and protein
foods. Model 2 + sodium included adjusting for the interaction between sodium contents and protein foods.
"The unit for OR was 1 serving size of protein foods.

doi:10.1371/journal.pone.0141917.t003
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Table 4. Changes in risk of inflammation and hypertension corresponding to substitution of one serving of processed meat with that of other pro-

tein foods

Model 2
Red meats
White meats
Soybeans products
Model 2 + BMI
Red meats
White meats
Soybeans products
Model 2 + sodium
Red meats
White meats
Soybeans products

*p < 0.05
tp=0.05.

doi:10.1371/journal.pone.0141917.t004

CRP >3 mg/L SBP > 140 mmHg DBP > 90 mmHg
B+ SE

-0.01+0.18 -1.22 + 0.42% -1.59 + 0.65%
0.13+0.18 -0.75 + 0.38" -0.62 + 0.19*
0.62 +0.34 -0.14 £ 0.32 -0.61 % 0.46
1.48 +0.82 -0.36 + 0.56 -0.41+0.39
1.55 £ 0.82 -0.22 +0.32 -0.18 + 0.64
1.95 + 0.87* -0.62+0.72 -0.60 + 0.47
-0.01+0.18 0.05 + 0.28 -0.38 +0.37
0.13+0.18 -0.21+0.32 0.13 + 0.41

0.62 + 0.34 -0.19 £ 0.33 -0.64 +0.47

phosphorus, which increase the risks of cardiac arrhythmias, hyperphosphatemia, and CVD
mortality in dialysis patients [42]. Therefore, the DASH eating pattern is not recommended for
dialysis patients [42]. In addition, patients with hemodialysis treatment have lower intake of
fruits and vegetables than general population [48].

In this study, BMI was another significant factor in the association between processed meat
and HTN. This result was consistence with that of the Nurses’ Health Study [16]. The possible
reason may be that higher sodium content in processed meat result in elevated dry body weight
in HD patients [49], and BMI was positively associated with HTN risk in hemodialysis patients
[50,51]. In general population, different protein foods intake may affect the BMI [52]. In the
meta-analysis study, results showed that processed meat related to higher obesity risk [53].
However, this was a cross-sectional study, and it was difficult to explain the causality of the
association between protein foods, hypertension and BMI. Therefore, further long-term inter-
vention studies are needed to find out the mechanisms in HD patients.

Previous studies have reported that higher intake of processed meat elevated the concentra-
tion of serum CRP in the general population [5,16]. Furthermore, greater sodium intake may
not only increase the HTN risk but also aggravate inflammation [14]. However, we did not
observe similar associations in this study. One possible reason was the recruited HD patients
with mild inflammation. The serum CRP concentration was 0.5 + 0.1 mg/L (4.8 £ 0.7 nM/L),
and lower than the concentrations reported in 29,842 HD patients (in males, 117 + 215 nM/L
and in females, 105 + 205 nM/L) from 12 countries in the Dialysis Outcomes and Practice Pat-
terns Study (DOPPS) [54]. Moreover, in this study, only 33% (n = 34) and 13% (n = 14) had
serum CRP concentrations >5 mg/L and >10 mg/L, respectively. By contrast, in previous stud-
ies, 40.6%-65% and 32%-53% of patients had serum CRP concentrations >5 mg/L and >10
mg/L, respectively [23]. Moreover, all HD patients in this study routinely took folate and vita-
min B complex supplements, which may contribute to the null effect. In a 3-month interven-
tion study, folate and vitamin B complex supplements significantly reduced the serum level of
CRP in HD patients [55].
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Although the interaction between phosphorus and sodium in processed meats was found in
this study, the association between processed meat and HTN was modified by neither dietary
phosphorus nor the interaction between phosphorus and sodium contents in processed meat.
These findings were inconsistent with those of a previous study [9], and some reasons may
explain the result. At first, the course of processed meats production varied with the area, and
some processed meats did not contain phosphorus [11,56]. In this study, the major sources of
processed meats did not have higher phosphorus content than red meats. Table 2 listed up to
70% of all processed meat consumed by the patients. The phosphorus content ranged from
27.5 (dumplings) to 132.8 (ham) mg, and the ratio of phosphorus content to protein content
was 1.7:18.8 mg/g. Moreover, the phosphorus content in major sources of red meat ranged
from 11.6 (pork loin) to 92.3 (lean beef) mg, and the ratio of phosphorus content to protein
content was 1.7:12.6 mg/g. At second, lack of the relation between hyperphosphatemia and
hypertension in HD patients. In chronic kidney disease patients, increased processed meat
intake contributed to hyperphosphatemia [9], and hyperphosphatemia resulted in calcifica-
tions in the coronary arteries and higher CVD mortality [31,57,58]. Coronary artery calcifica-
tion was associated with the development of hypertension in general population [35].
However, in chronic kidney disease patients with dialysis treatment, it seemed difficult to find
the relation between hypertension and coronary artery calcifications [59-61].

The Kidney Disease Outcomes Quality Initiative recommended that HD patients consume
adequate dietary protein for preventing malnutrition and increasing their survival rate [21].
The results in this study reported when protein intake was sufficient, different types of protein
foods may affect the risk factors for CVD (e.g., hypertension) and mortality. The terms “hemo-

» « » s

meats,” “inflammation,” and/or “blood pressure” were searched on PubMed and
Google Scholar, and less than five articles were found. This search result implied that only few
studies have focused on the association between different protein foods and CVD risk factors
in HD patients, despite CVD being the major cause of death in HD patients. As per our review
of relevant literatures, this study is the first to report that a higher intake of processed meat was
positively associated with the risk of CVD in HD patients. These results could be considered

dialysis,

evidence for future studies on clinical nutrition and encourage HD patients not only to con-
sume an adequate quantity of protein but also to increase their intake of unprocessed red and
white meat to reduce CVD risk.

This study had several limitations. First, the sample size was small. However, the demo-
graphic data of the HD patients in this study was consistent with those reported by previous
large studies, including a study conducted at 25 HD centers in Taiwan [62], the Taiwan Renal
Registry Data System [2], the United States Renal Data System [63], and the DOPPS [54]. Fur-
thermore, the average age of the patients was 60.1-66.6 years, approximately 50% of the
patients were male, and the pre-HD SBP was 145.9 + 23.2 mmHg. Medical history review
revealed that 36.2%-44.4% of the patients had diabetes, 71.1%-79.6% had HTN, and at least
20.35% had CVD. Although the prevalence of HTN was lower in this study than in previous
studies, the results were independent of the HTN medication. Moreover, the association
between the intake of processed meat and risk of SBP >140 mmHg and DBP >90 mmHg was
significant. Second, selection bias existed during enrollment, and few patients took HTN medi-
cation, and the average serum CRP concentration was lower than that reported by a previous
study [54]. Therefore, HD patients in this study may be healthier than those in a previous
study [64]. Although the association between protein foods and blood pressure was indepen-
dent of HTN medication, the future study with more dialysis patients using HTN medication
is needed. Third, because this was a cross-sectional study, it was difficult to determine causal
relationships. However, in Nurses’ Health Study [17], greater intake of processed meats is asso-
ciated with higher risk of coronary heart disease, and substituting processed meats with white
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meats was associated with reduced risk of coronary heart disease. HTN is one major predictor
of coronary heart disease [65]. Fourth, although a dietary record over multiple days was used
to evaluate the validity of other dietary assessment tool [66,67], dietary records may underesti-
mate the actual food intake [68]. However, the under-reported bias was lower in this study
[27,30], more than 7% of participants under reported their dietary intake. Fifth, this study did
not include all confounding factors for pre-HD blood pressure in HD patients, such as the con-
centration of sodium in the dialysis solution [69]. However, the results regarding factors influ-
encing pre-HD blood pressure were still inconsistent [70], and future interventional studies are
required to assess the effects of processed meat on this factor in HD patients.

In conclusion, greater intake of processed meat by HD patients is positively associated with
HTN risk, and this observation may be explained by the high sodium content in processed
meat and BMI. Moreover, substituting one serving of processed meat with that of unprocessed
red and white meat is negatively associated with HTN risk.

Supporting Information

S1 Appendix. The certification of Taipei Medical University Joint Institutional Review
Board
(DOCX)

S2 Appendix. STROBE Statement—checklist of items that should be included in reports of
observational studies
(DOCX)

S1 Table. Comparison of mean daily intake between two 3-day dietary records (Mean + SE)
(DOCX)

Author Contributions

Conceived and designed the experiments: PYW SHY HHC. Performed the experiments: PYW
SHY TCW TWC HHC THC YTC. Analyzed the data: PYW SHY. Contributed reagents/mate-
rials/analysis tools: SHY. Wrote the paper: PYW SHY.

References
1. Renal Data System U. USRDS 2014 Annual Data Report. Bethesda, MD: National Institutes of
Health, National Institute of Diabetes and Digestive and Kidney Diseases; 2014.
2. WuMS, Wu IW, Hsu KH. Survival Analysis of Taiwan Renal Registry Data System (TWRDS) 2000—
2009. Acta Nephrologica. 2012; 26:104-108.

3. Hunink MM, Goldman L, Tosteson AA, Mittleman MA, Goldman PA, Williams LW, et al. The recent
decline in mortality from coronary heart disease, 1980—1990: The effect of secular trends in risk factors
and treatment. JAMA. 1997; 277:535-542.

4. Santarelli RL, Pierre F, Corpet DE. Processed meat and colorectal cancer: a review of epidemiologic
and experimental evidence. Nutr Cancer. 2008; 60:131-144.

5. Larsson SC, Virtamo J, Wolk A. Red Meat Consumption and Risk of Stroke in Swedish Women. Stroke.
2011; 42:324-329.

6. Wu SJ, Pan WH, Yeh NH, Chang HY. Trends in nutrient and dietary intake among adults and the
elderly: from NAHSIT 1993-1996 to 2005-2008. Asia Pac J Clin Nutr. 2011; 20:251-265.

7. Brown IJ, Tzoulaki I, Candeias V, Elliott P. Salt intakes around the world: implications for public health.
Int J Epidemiol. 2009; 38:791-813.

8. National Kidney Foundation. K/DOQI Clinical Practice Guidelines for cardiovascular disease in dialysis
patients. Am J Kidney Dis. 2005; 45:S1-S153.

9. Martinez-Maldonado M. Hypertension in end-stage renal disease. Kidney Int. 1998; 54:S67-S72.

PLOS ONE | DOI:10.1371/journal.pone.0141917  October 30, 2015 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0141917.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0141917.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0141917.s003

@'PLOS ‘ ONE

Processed Meats and Hypertension in Hemodialysis Patients

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Sullivan C, Sayre SS, Leon JB, Machekano R, Love TE, Porter D, et al. Effect of food additives on
hyperphosphatemia among patients with end-stage renal disease: A randomized controlled trial.
JAMA. 2009; 301:629-635.

Kalantar-Zadeh K, Gutekunst L, Mehrotra R, Kovesdy CP, Bross R, Shinaberger CS,et al. Understand-
ing Sources of Dietary Phosphorus in the Treatment of Patients with Chronic Kidney Disease. CJASN.
2010; 5:519-530.

Uribarri J. Phosphorus Additives in Food and their Effect in Dialysis Patients. CJASN. 2009; 4:1290—
1292.

Wanner C, Metzger T. C-reactive protein a marker for all-cause and cardiovascular mortality in haemo-
dialysis patients. Nephrol Dial Transplant. 2002; 17:29-32.

Fogarty AW, Lewis SA, McKeever TM, Britton JR. Is higher sodium intake associated with elevated sys-
temic inflammation? A population-based study. Am J Clin Nutr. 2009; 89:1901-1904.

Gallardo JM, de Carmen Prado-Uribe M, Amato D, Paniagua R. Inflammation and Oxidative Stress
Markers by Pentoxifylline Treatment in Rats with Chronic Renal Failure and High Sodium Intake. Arch
Med Res. 2007; 38:34—38.

Ley SH, Sun Q, Willett WC, Eliassen AH, Wu K, Pan A, et al. Associations between red meat intake
and biomarkers of inflammation and glucose metabolism in women. Am J Clin Nutr. 2014; 99:352—-360.

Bernstein AM, Sun Q, Hu FB, Stampfer MJ, Manson JE, Willett WC. Major Dietary Protein foods and
Risk of Coronary Heart Disease in Women. Circulation. 2010; 122:876-883.

Potter SM. Soy Protein and Cardiovascular Disease: The Impact of Bioactive Components in Soy. Nutr
Rev. 1998; 56:231-235.

Micha R, Wallace SK, Mozaffarian D. Red and Processed Meat Consumption and Risk of Incident Cor-
onary Heart Disease, Stroke, and Diabetes Mellitus: A Systematic Review and Meta-Analysis. Circula-
tion. 2010; 121:2271-2283.

Shinaberger CS, Kilpatrick RD, Regidor DL, McAllister CJ, Greenland S, Kopple JD, et al. Longitudinal
Associations Between Dietary Protein Intake and Survival in Hemodialysis Patients. Am J Kidney Dis.
2006; 48:37-49.

Kopple JD. National Kidney Foundation K/DOQI Clinical Practice Guidelines for Nutrition in Chronic
Renal Failure. Am J Kidney Dis. 2001; 37:S66-S70.

Moriya H, Oka M, Maesato K, Mano T, Ikee R, Ohtake T, et al. Weekly Averaged Blood Pressure Is
More Important than a Single-Point Blood Pressure Measurement in the Risk Stratification of Dialysis
Patients. CJASN. 2008; 3:416—422.

Heidari B. C-reactive protein and other markers of inflammation in hemodialysis patients. Caspian J
Intern Med. 2013; 4:611-616.

Chiu YF, Chen YC, Wu PY, Shih CK, Chen HH2, Chen HH, et al. Association between the Hemodialy-
sis Eating Index and risk factors of cardiovascular disease in hemodialysis patients. J Ren Nutr. 2014;
24:163-171.

Ortega RM, Pérez-Rodrigo C, Lépez-Sobaler AM. Dietary assessment methods: dietary records. Nutr
Hosp. 2015; 31:38—45.

Ravel VA, Molnar MZ, Streja E, Kim JC, Victoroff A, Jing J, et al. Low Protein Nitrogen Appearance as a
Surrogate of Low Dietary Protein Intake Is Associated with Higher All-Cause Mortality in Maintenance
Hemodialysis Patients. J Nutr. 2013; 143:1084—1092.

Mafra D, Moraes C, Leal VO, Farage NE, Stockler-Pinto MB, Fouque D. Underreporting of energy
intake in maintenance hemodialysis patients: a cross-sectional study. J Ren Nutr. 2012; 22:578-583.

Ldhrmann PM, Herbert BM, Gaster C, Neuh&user-Berthold M. Validation of a self-administered 3-day
estimated dietary record for use in the elderly. Eur J Nutr. 1999; 38:235-240.

Wu PY, Wong TC, Chiu YF, Chen HH, Lu YJ, Yang SH. Comparison of energy requirement, predicting
equations and predicting equation of hemodialysis patients in Taiwan. Nephrology. 2014; 19:98-98.

Shapiro BB, Bross R, Morrison G, Kalantar-Zadeh K, Kopple JD. Self-Reported Interview-Assisted Diet
Records Underreport Energy Intake in Maintenance Hemodialysis Patients. J Ren Nutr. 2015; 25:357—
363.

McCullough ML, Feskanich D, Stampfer MJ, Giovannucci EL, Rimm EB, Hu FB, et al. Diet quality and
major chronic disease risk in men and women: moving toward improved dietary guidance. Am J Clin
Nutr. 2002; 76:1261-1271.

Miller G, Cohen S, Ritchey A. Chronic psychological stress and the regulation of pro-inflammatory cyto-
kines: a glucocorticoid-resistance model. Health Psychol. 2002; 21:531-541.

Terman DS, Alfrey AC, Hammond WS, Donndelinger T, Ogden DA, Holmes JH. Cardiac calcification in
uremia. A clinical, biochemical and pathologic study. Am J Med. 1971; 50:744-755.

PLOS ONE | DOI:10.1371/journal.pone.0141917  October 30, 2015 12/14



@'PLOS ‘ ONE

Processed Meats and Hypertension in Hemodialysis Patients

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Zheng ZJ, Folsom AR, Ma J, Arett DK, McGovern PG, Eckfeldt JH. Plasma fatty acid composition and
6-year incidence of hypertension in middle-aged adults: the Atherosclerosis Risk in Communities
(ARIC) Study. Am J Epidemiol. 1999; 150:492-500.

Grossman C, Shemesh J, Dovrish Z, Morag NK, Segev S, Grossman E. Coronary artery calcification is
associated with the development of hypertension. Am J Hypertens. 2013; 26:13—19.

Takeda A, Toda T, Fuijii T, Shinohara S, Sasaki S, Matsui N. Discordance of influence of hypertension
on mortality and cardiovascular risk in hemodialysis patients. Am J Kidney Dis. 2005; 45:112—-118.

Lajous M, Bijon A, Fagherazzi G, Rossignol E, Boutron-Ruault MC, Clavel-Chapelon F. Processed and
unprocessed red meat consumption and hypertension in women. Am J Clin Nutr. 2014; 100:948-952.

Kaluza J, Akesson A, Wolk A. Processed and unprocessed red meat consumption and risk of heart fail-
ure: prospective study of men. Circ Heart Fail. 2014; 7:552-557.

Collins AJ, Foley RN, Chavers B, Gilbertson D, Herzog C, Ishani A, et al. US Renal Data System 2013
Annual Data Report. Am J Kidney Dis. 2014; 63:A7.

Ikizler TA, Hakim RM. Nutrition in end-stage renal disease. Kidney Int. 1996; 50(2):343-357.

Chen KH, Lin-Tan DT, Huang WH, Hung CC, Chang CT, Huang JY, et al. Cardiothoracic Ratio, Malnu-
trition, Inflammation, and Two-Year Mortality in Non-Diabetic Patients on Maintenance Hemodialysis.
Kidney Blood Press Res. 2008; 31:143—-151.

Chobanian AV, Hill M. National Heart, Lung, and Blood Institute Workshop on Sodium and Blood Pres-
sure: A Critical Review of Current Scientific Evidence. Hypertension. 2000; 35:858-863.

Ruusunen M, Puolanne E. Reducing sodium intake from meat products. Meat Science. 2005; 70:531—
541.

He FJ, Li J, MacGregor GA. Effect of longer term modest salt reduction on blood pressure: Cochrane
systematic review and meta-analysis of randomised trials. BMJ. 2013; 346:f1325.

Kidney Disease Outcomes Quality Initiative (K/DOQI). K/DOQI clinical practice guidelines on hyperten-
sion and antihypertensive agents in chronic kidney disease. Am J Kidney Dis. 2004; 43:51-S290.

Kidney Disease: Improving Global Outcomes (KDIGO) Blood Pressure Work Group. KDIGO Clinical
Practice Guideline for the Management of Blood Pressure in Chronic Kidney Disease. Kidney Int
Suppl. 2012; 2:347-356.

Appel LJ, Brands MW, Daniels SR, Karanja N, Elmer PJ, Sacks FM, et al. Dietary approaches to pre-
vent and treat hypertension: a scientific statement from the American Heart Association. Hypertension.
2006; 47:296-308.

Therrien M, Byham-Gray L, Denmark R, Beto J. Comparison of dietary intake among women on main-
tenance dialysis to a Women's Health Initiative cohort: results from the NKF-CRN Second National
Research Question Collaborative Study. J Ren Nutr. 2014; 24:72-80.

Chazot C, Collonge C, Charra B. Low sodium diet for dialysis patients: myth or reality? Nephrol Ther.
2007; 3:5137-S140.

Agarwal R, Nissenson AR, Batlle D, Coyne DW, Trout JR, Warnock DG. Prevalence, treatment, and
control of hypertension in chronic hemodialysis patients in the United States. Am J Med. 2003;
115:291-297.

Huang JC, Lin HY, Lim LM, Chen SC, Chang JM, Hwang SJ, et al. Body mass index, mortality, and gen-
der difference in advanced chronic kidney disease. PLoS One. 2015; 10:e0126668.

Wang Y, Beydoun MA. Meat consumption is associated with obesity and central obesity among US
adults. Int J Obes (Lond). 2009; 33:621-628

Rouhani MH, Salehi-Abargouei A, Surkan PJ, Azadbakht L. Is there a relationship between red or pro-
cessed meat intake and obesity? A systematic review and meta-analysis of observational studies.
Obes Rev. 2014; 15:740-748.

Hecking M, Bieber BA, Ethier J, Kautzky-Willer A, Sunder-Plassmann G, Sdemann MD, et al. Gender-
Specific Differences in Hemodialysis Prevalence and Practices and the Male-to-Female Mortality Rate:
The Dialysis Outcomes and Practice Patterns Study (DOPPS). PLoS Med. 2014; 11:e1001750.

Chang TY, Chou KJ, Tseng CF, Chung HM, Fang HC, Hung YM, et al. Effects of folic acid and vitamin
B complex on serum C-reactive protein and albumin levels in stable hemodialysis patients. Curr Med
Res Opin. 2007; 23:1879-1886.

Lin HS, Lin JR, Hu SW, Kuo HC, Yang YH. Association of dietary calcium, phosphorus, and magne-
sium intake with caries status among schoolchildren. Kaohsiung J Med Sci. 2014; 30:206-212.

Thompson GR, Naoumova R, Sidhu P, Underwood R. Predicting coronary heart disease. Lancet.
1994; 343:670-671.

Blacher J, Guerin AP, Pannier B, Marchais SJ, London GM. Arterial calcifications, arterial stiffness, and
cardiovascular risk in end-stage renal disease. Hypertension. 2001; 38:938-942.

PLOS ONE | DOI:10.1371/journal.pone.0141917  October 30, 2015 13/14



@'PLOS ‘ ONE

Processed Meats and Hypertension in Hemodialysis Patients

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Ribeiro S, Ramos A, Brandao A, Rebelo JR, Guerra A, Resina C, et al. Cardiac valve calcification in
haemodialysis patients: role of calcium-phosphate metabolism. Nephrol Dial Transplant. 1998;
13:2037-2040. PMID: 9719161

Caro P, Hernandez R, Delgado R. Progression of Coronary Artery Calcification Using a Multidetector
CT on Hemodialysis Patients in One Year. Dialysis Transplant. 2010; 39:27-32,

Malluche HH, Blomquist G, Monier-Faugere MC, Cantor TL, Davenport DL. High Parathyroid Hormone
Level and Osteoporosis Predict Progression of Coronary Artery Calcification in Patients on Dialysis. J
Am Soc Nephrol. 2015. (Epub ahead of print)

Chen HS, Cheng CT, Hou CC, Liou HH, Lim PS. Survival and other clinical outcomes of maintenance
hemodialysis patients in Taiwan: A 5-year multicenter follow-up study. Hemodial Int. 2014; 18:799—
808.

Renal Data System U.S. USRDS 2013 Annual Data Report: Incidence, Prevalence, Patient Character-
istics, & Treatment Modalities. Am J Kidney Dis.2014; 63:e215-e228.

Noori N, Kovesdy CP, Dukkipati R, Feroze U, Molnar MZ, Bross R, et al. Racial and Ethnic Differences
in Mortality of Hemodialysis Patients: Role of Dietary and Nutritional Status and Inflammation. Am J
Nephrol. 2011; 33:157-167.

Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB. Prediction of coronary
heart disease using risk factor categories. Circulation. 1998; 97:1837-1847.

Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett WC. Reproducibility and validity
of an expanded self-administered semiquantitative food frequency questionnaire among male health
professionals. Am J Epidemiol. 1992; 135:1114-1126.

Kobayashi S, Honda S, Murakami K, Sasaki S, Okubo H, Hirota N, et al. Both comprehensive and brief
self-administered diet history questionnaires satisfactorily rank nutrient intakes in Japanese adults. J
Epidemiol. 2012; 22:151-159.

Bross R, Noori N, Kovesdy CP, Murali SB, Benner D, Block G, et al. Dietary assessment of individuals
with chronic kidney disease. Semin Dial. 2010; 23:359-364.

Levin NW, Kotanko P, Eckardt KU, Kasiske BL, Chazot C, Cheung AK, et al. Blood pressure in chronic
kidney disease stage 5D[mdash]report from a Kidney Disease: Improving Global Outcomes controver-
sies conference. Kidney Int. 2009; 77:273-284.

Hecking M, Karaboyas A, Rayner H, Saran R, Sen A, Inaba M, et al. Dialysate Sodium Prescription and
Blood Pressure in Hemodialysis Patients. Am J Hypertensi. 2014; 27:1160-1169.

PLOS ONE | DOI:10.1371/journal.pone.0141917  October 30, 2015 14/14


http://www.ncbi.nlm.nih.gov/pubmed/9719161

