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Independent effects of residual renal function and dialysis
adequacy on dietary micronutrient intakes in patients receiving
continuous ambulatory peritoneal dialysis1–3

Angela Yee-Moon Wang, Mandy Man-Mei Sea, Ricky Ip, Man Ching Law, Kai Ming Chow, Siu Fai Lui, Philip Kam-Tao Li, and
Jean Woo

ABSTRACT
Background: Dialysis patients are at risk of vitamin and mineral
deficiencies, not only because of losses during chronic hemodial-
ysis or peritoneal dialysis but also because of low intakes.
Objective: The objective was to determine the importance of urea
clearance (calculated as Kt/V) and residual renal function (RRF) in
predicting micronutrient intakes in a large cohort of patients
receiving continuous ambulatory peritoneal dialysis (CAPD).
Design: We conducted a survey of dietary intakes in 242 CAPD
patients and divided them into 3 groups according to their
weekly urea clearance and RRF: WD group (n = 84), a urea
clearance ≥ 1.7 and a glomerular filtration rate (GFR) ≥ 1 mL •
min�1 • 1.73 m�2; DD group (n = 71), a urea clearance ≥ 1.7 and
a GFR < 1 mL • min�1 • 1.73 m�2; and ID group (n = 87), a urea
clearance < 1.7.
Results: Most of the patients had intakes of water-soluble vita-
mins and minerals that were lower than the recommended dietary
allowance; most intakes were significantly higher in the WD group
than in the DD and ID groups, except those of niacin and calcium.
After age, sex, body weight, and the presence of diabetes were
controlled for, total weekly urea clearance and the GFR (but not
peritoneal dialysis urea clearance) were significantly associated
with intakes of vitamins A and C, the B vitamins, and minerals
(calcium, phosphate, iron, and zinc). Low intakes of vitamins and
minerals with low RRF and urea clearance were the result of
reduced overall food intakes, except for thiamine, vitamin B-6,
and folic acid, which were deficient in the diet.
Conclusions: Supplementation with most water-soluble vitamins
and minerals, including iron and zinc, should be considered in
CAPD patients, especially those with low RRF and low urea
clearance. The optimal dose needs to be determined. Am J
Clin Nutr 2002;76:569–76.
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INTRODUCTION

Protein-energy malnutrition is an important complication in
dialysis patients and occurs in 20–40% of patients receiving
maintenance dialysis (1, 2). Several factors contribute to poor
nutritional status, among which inadequate nutrient intake is one
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of the most important (3) and is considered largely a result of
uremia-causing anorexia (4, 5). Indeed, animal experiments
showed that the intraperitoneal injection of uremic toxins into
healthy rats suppresses appetite and food intake in a dose-related
fashion (6). The provision of greater small-solute clearance and
better removal of uremic toxins is believed to result in better
dietary intakes. Although studies have confirmed a higher
weekly urea clearance to be associated with better nutritional
status and better patient survival (7, 8), the effect of dialysis ade-
quacy on actual dietary intakes in patients with continuous
ambulatory peritoneal dialysis (CAPD) remains largely unde-
termined. Most importantly, there is no information on the
effects of dialysis adequacy on vitamin and mineral nutrition in
CAPD patients.

Ensuring adequate intakes of micronutrients other than pro-
tein and energy is essential in maintaining good nutritional sta-
tus. Patients with chronic renal failure are at risk of vitamin
and mineral deficiencies because of a restricted diet. The typ-
ical diet for patients with renal failure is low in the B vita-
mins. Uremic factors affect the activities of folate and vitamin
B-6. Vitamin C and many of the B vitamins are lost during
dialysis (9). On the other hand, renal patients consuming a
protein-restricted diet are also at risk of developing deficien-
cies of trace elements such as iron and zinc (10). Although
some investigators recommend vitamin and mineral supple-
mentation for dialysis patients (11–14), the actual dietary
intakes of vitamins and minerals in these patients are largely
unknown.

This study was undertaken to compare the actual dietary
micronutrient intakes of CAPD patients with the recommended
dietary allowances (RDAs; 15) and to study vitamin and mineral
nutrition in relation to dialysis adequacy and the degree of resid-
ual renal function (RRF).
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SUBJECTS AND METHOD

Patient population

The study population consisted of 242 patients receiving CAPD
at the Prince of Wales Hospital for ≥ 3 mo. Patients were excluded
from the study if they had received CAPD for < 3 mo or had a
recent episode of peritonitis or other infectious complication
within 30 d of the dietary assessment. The study protocol was
approved by the Human Research Ethics Committee of the Chi-
nese University of Hong Kong, and informed consent was obtained
from all patients. The average daily dietary micronutrient intakes
and the nutritional status of all patients were assessed on the same
day as the indexes of dialysis adequacy were measured.

Dietary survey

Experienced research staff, who were blinded to all of the clini-
cal and biochemical details of the patients, conducted a dietary sur-
vey with the use of a 7-d food-frequency questionnaire that had been
validated in the local Chinese population (16, 17). The food-
frequency questionnaire used allows an estimation of the average
daily dietary intakes of protein, energy, fat, carbohydrate, fatty acids,
cholesterol, vitamins, and minerals. Dietary protein and energy
intakes were normalized to the patients’ dry body weight. Intakes of
the different micronutrients were compared with the RDAs speci-
fied by the National Academy of Sciences, National Research Coun-
cil, which are similar to the Chinese RDAs compiled by the Stand-
ing Committee of the Chinese Nutrition Society. The Chinese food
tables do not provide complete information on folic acid, vitamin
B-6, and vitamin B-12; only food items with large quantities of these
3 micronutrients are included. Hence, in quantifying the actual
intakes of vitamin B-6, vitamin B-12, and folic acid, food items con-
taining ≥ 20% of the RDA for vitamin B-6 and ≥ 25% of the RDA for
vitamin B-12 and folic acid were included in the assessment. The
dosages of calcium carbonate and vitamin D taken by the patients at
the time of the dietary assessment were also recorded.

Nutrition assessment

Nutritional status was assessed by experienced research staff,
who were blinded to all clinical and biochemical data for the
patients, with the use of subjective global assessment. This method
was confirmed to be clinically reliable for assessing nutrition in
dialysis patients (18). The patients were graded as being well-
nourished or as having, mild, moderate, or severe malnutrition
(19). While the subjects were shoeless and wearing light clothing,
body weight was measured to the nearest 0.1 kg with a scale after
the abdomen was drained to be dry of peritoneal fluid; height was
measured to the nearest 0.5 cm. Body mass index was calculated
as weight in kilograms divided by height squared in meters. Frame
size was calculated as the ratio of height (cm) to wrist circumfer-
ence (cm).

Indexes of dialysis adequacy

The adequacy of dialysis was determined by measuring the total
weekly urea and creatinine clearances with the use of standard
methods (20). The creatinine concentration of the dialysate was
corrected for interference by glucose by using a reference formula
developed in our laboratory (21). The contribution of urea clear-
ance by peritoneal dialysis was estimated separately. The residual
glomerular filtration rate (GFR) was calculated as an average of
the 24-h urinary urea and creatinine clearances (22). Total body
water was derived by using Watson’s formula (23).

Data collection

Information about age, sex, the cause of renal failure, and the
starting date of dialysis was obtained from the case records. The
duration of dialysis (in mo) was calculated as the interval
between the date of initiation of dialysis and the date of the
dietary assessment.

The patients were divided into 3 groups according to their total
weekly urea clearance (calculated as Kt/V, where K is a constant, t
is time, and V is total body water) and GFR: WD group (n = 84), a
well-dialyzed group with RRF (urea clearance ≥ 1.7; GFR ≥ 1 mL •
min�1 • 1.73 m�2); DD group (n = 71), a dialysis-dependent group
with negligible RRF (urea clearance ≥ 1.7; GFR < 1 mL •
min�1 • 1.73 m�2); and ID group (n = 87), an inadequately dialyzed
group (urea clearance < 1.7).

Statistics

Categorical data were expressed as n values and percentages.
Continuous data were expressed as means ± SDs or medians and
interquartile ranges, depending on the distribution. Categorical
data were compared with the use a chi-square test. One-way
analysis of variance or the Kruskal-Wallis test was used for
between-group comparisons, depending on the distribution of the
data. Post hoc analysis was performed with the Bonferroni
method. Linear regression analysis was performed to determine
the effects of dialysis adequacy and residual GFR on dietary vita-
min and mineral intakes after demographic and clinical variables
(including age, sex, body weight, and presence of diabetes) were
controlled for. Log transformation was performed to normalize
data not normally distributed before being entered into the regres-
sion model. The statistical analysis was performed with the use of
SPSS (version 10.0; SPSS Inc, Chicago) for WINDOWS.

RESULTS

The mean age of the 242 patients (125 men and 117 women),
all of Chinese origin, was 55 ± 12 y. The mean duration of CAPD
was 37 mo (range: 4–151 mo). The causes of renal failure included
chronic glomerulonephritis in 78 patients (32%), diabetic
nephropathy in 60 patients (25%), hypertensive nephrosclerosis
in 32 patients (13%), obstructive uropathy in 13 patients (5%),
polycystic kidney disease in 12 patients (5%), tubulointerstitial
disease in 7 patients (3%), and unknown in 40 patients (17%).

The clinical characteristics of the patients are shown in Table 1.
There were significantly fewer men in the DD group than in the
WD and ID groups. The duration of dialysis was significantly
shorter in the WD group than in the DD and ID groups. More
patients in the ID group than in the 2 other groups were diabetic.
The DD group had the highest percentage of women (66%) and
the lowest body weight and height, whereas the ID group had the
highest percentage of men (62%) and the highest body weight and
height.

The indexes of dialysis adequacy are shown in Table 2.
Significant differences in the total weekly urea and creatinine
clearance were noted in the 3 groups. When the total urea clear-
ance was subdivided into that contributed by peritoneal dialysis
(PD) and that by residual GFR, significant differences were
noted in both PD urea clearance and GFR between the 3 groups.
Despite a lower total urea clearance, PD urea clearance was
significantly higher in the DD group than in the WD group. PD
urea clearance was significantly lower in the ID group than in
the WD and DD groups. On the other hand, despite having a

 by guest on D
ecem

ber 18, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


MICRONUTRIENT INTAKE IN CAPD PATIENTS 571

TABLE 2
Indexes of dialysis adequacy in the 3 groups of patients receiving continuous ambulatory peritoneal dialysis1

WD group (n = 84) DD group (n = 71) ID group (n = 87) P (across groups)

PD exchanges (L/d) 6.21 ± 0.97 6.90 ± 1.262 6.63 ± 1.063 <0.001
Weekly total urea clearance 2.23 ± 0.46 1.97 ± 0.222 1.46 ± 0.172,4 <0.001
Weekly PD urea clearance 1.48 ± 0.31 1.91 ± 0.242 1.32 ± 0.244,5 <0.001
GFR (mL·min�1 · 1.73 m�2) 3.13 ± 1.75 0.21 ± 0.312 0.62 ± 0.792 <0.001
Weekly creatinine clearance (L ·wk�1 · 1.73 m�2) 82 ± 26 49 ± 72 47 ± 92 <0.001

1 x– ± SD. WD, well-dialyzed with residual renal function [urea clearance ≥ 1.7 and a glomerular filtration rate (GFR) ≥ 1 mL·min�1 · 1.73 m�2]; DD,
dialysis dependent with negligible residual renal function (urea clearance ≥ 1.7 and a GFR < 1 mL · min�1 · 1.73 m�2); ID, inadequately dialyzed (urea
clearance < 1.7); PD, peritoneal dialysis. Urea clearance calculated as Kt/V, where K is a constant, t is time, and V is total body water.

2,3,5 Significantly different from the WD group (after Bonferroni correction): 2 P < 0.001, 3 P < 0.05, 5 P = 0.001.
4 Significantly different from the DD group, P < 0.01 (after Bonferroni correction).

TABLE 1
Clinical characteristics of the 3 groups of patients receiving continuous ambulatory peritoneal dialysis1

WD group (n = 84) DD group (n = 71) ID group (n = 87) P (across groups)

Age (y) 57 ± 122 54 ± 12 56 ± 12 0.350
Men (n [%]) 48 [57] 24 [34]3 54 [62]4 0.001
Duration of dialysis (mo) 16 (10, 26) 43 (24, 66)5 36 (20, 66)5 <0.001
Dry weight (kg) 59 ± 11 54 ± 106 61 ± 104 <0.001
Body height (cm) 159 ± 7 155 ± 73 160 ± 84 <0.001
BMI (kg/m2) 23 ± 4 23 ± 4 24 ± 3 0.346
Frame size7 15.8 ± 1.2 15.6 ± 1.2 16.1 ± 1.18 0.009
Diabetes (n [%]) 26 [31] 15 [21] 34 [39]9 0.053
Renal diagnosis (n [%])

Glomerulonephritis 31 [36.9] 30 [42.3] 17 [19.5]9 0.028
Diabetic nephropathy 22 [26.2] 11 [15.5] 28 [32.2] —
Hypertensive nephropathy 12 [14.3] 9 [12.7] 10 [11.5] —
Tubulointerstitial disease 2 [2.4] 4 [5.6] 1 [1.1] —
Polycystic kidneys disease 4 [4.8] 2 [2.8] 6 [6.9] —
Obstructive uropathy 4 [4.8] 1 [1.4] 8 [9.2] —
Unknown 9 [10.7] 14 [19.7] 17 [19.5] —

1 WD, well-dialyzed with residual renal function (urea clearance ≥ 1.7 and a glomerular filtration rate ≥ 1 mL·min�1 · 1.73 m�2); DD, dialysis depend-
ent with negligible residual renal function (urea clearance ≥ 1.7 and a glomerular filtration rate < 1 mL·min�1 · 1.73 m�2); ID, inadequately dialyzed (urea
clearance < 1.7). Urea clearance calculated as Kt/V, where K is a constant, t is time, and V is total body water.

2 x– ± SD.
3,5,6 Significantly different from the WD group (after Bonferroni correction): 3 P < 0.005, 5 P < 0.001, 6 P < 0.05.
4,8,9 Significantly different form the DD group (after Bonferroni correction): 4 P < 0.001, 8 P < 0.01, 9 P < 0.05.
7 Ratio of height (cm) to wrist circumference (cm). 

higher total urea clearance and PD urea clearance, the DD group
had a lower GFR than did the ID group. The difference in body
weight between the DD and ID groups explains why the DD
group (despite their lower residual GFR and thus their lower
total body water) had a higher total urea clearance than did the
ID group (Tables 1 and 2).

Nutritional status was significantly different between the 3
groups (P = 0.003; Figure 1). Moderate-to-severe malnutrition
was more prevalent in the ID group (29%) than in the WD (13%)
and DD (10%) groups (P = 0.012). On the other hand, 66% of the
WD group, 65% of the DD group, and 41% of the ID group were
well nourished (P = 0.012). No significant difference in nutritional
status was noted between the WD and DD groups.

The patients’ average daily intakes of vitamins and minerals in
relation to the corresponding RDAs of the National Academy of
Sciences are shown in Table 3. Intakes of vitamins A, B-12, C,
and D met the RDAs in > 50% of the patients. However, intakes of
folic acid, all of the B vitamins (except vitamin B-12), and the
minerals calcium, phosphate, iron, and zinc were below the RDA
in most patients. Calcium carbonate and aluminum phosphate
binder were used by 213 (88%) and 46 patients (19%), respec-

tively. With the addition of calcium supplements, the total daily
calcium intake far exceeded the RDA in > 80% of our patients.

The dietary intake of the fat-soluble vitamins was significantly
higher in the WD group than in the DD and ID groups. The daily
intake of the water-soluble vitamins thiamine, riboflavin, vitamin
B-6, vitamin B-12, folic acid, and vitamin C showed a significant
trend across the 3 groups in that the lower the total urea clearance,
the lower the intakes of these vitamins (Table 4). The average daily
dietary intakes of minerals are shown in Table 5. The WD group
had significantly higher iron, phosphate, and zinc intakes than did
the DD and ID groups. A trend toward higher dietary calcium intake
in the WD group than in the DD and ID groups was noted, although
the trend was not significant. The protein intakes of all 3 groups of
patients were below the intake of 1.4 g · kg�1 · d�1 recommended
by the Dialysis Outcomes Quality Initiative (DOQI) for peritoneal
dialysis patients.

Nutrient densities for vitamin A; riboflavin; vitamins B-1, C, and
D; and the minerals calcium, phosphate, iron, and zinc were not
significantly different between the 3 groups (Table 6). This indi-
cates that lower vitamin and mineral intakes with lower urea clear-
ance values were related to an overall reduction in daily energy
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FIGURE 1. Nutritional status of patients receiving continuous ambu-
latory peritoneal dialysis who had different degrees of urea clearance (cal-
culated as Kt/V, where K is a constant, t is time, and V is total body water)
and residual renal function: WD group (n = 84), a urea clearance ≥ 1.7 and
a glomerular filtration rate (GFR) ≥ 1 mL • min�1 • 1.73 m�2; DD group
(n = 71), a urea clearance ≥ 1.7 and a GFR < 1 mL • min�1 • 1.73 m�2; and
ID group (n = 87), a urea clearance < 1.7. On the basis of subjective global
assessment, patients were classified as having normal (�), mild ( ), or
moderate-to-severe (�) malnutrition. Nutritional status was significantly
different between the 3 groups, P = 0.003.

TABLE 3
Average daily dietary intakes of micronutrients in patients receiving continuous ambulatory peritoneal dialysis in relation to the recommended dietary
allowance (RDA; 15)

Actual dietary intake Actual dietary intake RDA2

of men (n = 125)1 of women (n = 117)1 Men Women

Fat-soluble vitamins
Vitamin A (mg) 2.24 (0.12–12.67) [80.2] 2.03 (0.08–14.10) [75.7] 1.00 0.8
Vitamin D (�g) 13.24 (0–110.36) [64.3] 6.11 (0–61.31) [41.7] 5 5
Total vitamin D (�g)3 13.35 (0–111.61) [64.6] 6.26 (0–61.31) [41.7] 5 5

Water-soluble vitamins
Thiamine (mg) 0.64 (0.19–2.52) [5.6] 0.49 (0.06–1.20) [4.3] 1.2 1.0
Riboflavin (mg) 0.67 (0.19–1.80) [4.0] 0.55 (0.13–1.67) [1.7] 1.4 1.2
Vitamin B-6 (mg)4 0.29 (0–1.04) [26.0] 0.22 (0–0.98) [21.7] 0.40 0.32
Vitamin B-12 (�g)5 1.34 (0–6.93) [82.7] 1.05 (0–8.10) [68.7] 0.5 0.5
Folate (�g)5 48.65 (0–331.95) [35.4] 44.00 (0–261.30) [35.7] 50 45
Niacin (mg) 12.52 (3.26–36.73) [23.0] 10.03 (0.89–35.36) [20.9] 15 13
Vitamin C (mg) 91.12 (10.84–354.00) [66.7] 73.91 (4.05–261.50) [50.4] 60 60

Minerals
Calcium (mg) 322 (107, 820) [0.8] 264 (58, 802) [0.9] 800 800
Total calcium (mg)6 1984 (119, 4929) [91.3] 1677 (85, 4875) [80.0] 800 800
Phosphate (mg) 752 (186–1711) [38.1] 612 (199–1446) [19.1] 800 800
Iron (mg) 10.38 (3.96–25.97) [47.6] 8.29 (2.62–20.06) [26.1] 10 10
Zinc (mg) 8.07 (2.69–62.90) [3.2] 6.27 (2.27–17.24) [3.5] 15 12

1 The percentage of subjects whose intake met the RDA is in parentheses.
2 For healthy adults aged ≥50 y (15).
3 Dietary plus supplemental vitamin D.
4 Includes only those food items with ≥20% of the RDA of the vitamin.
5 Includes only those food items with ≥25% of the RDA of the vitamin.
6 Includes calcium phosphate binder.

intake but not with any particular dietary pattern in the DD and
ID groups. In contrast, nutrient densities for thiamine, vitamin
B-6, and folic acid were significantly higher in the WD group than
in the DD and ID groups, indicating a truly reduced dietary con-

tent of thiamine, vitamin B-6, and folic acid not attributable to a
reduction in energy intake in the DD and ID groups. Indeed,
intakes of thiamine and vitamin B-6 in our patients were signifi-
cantly lower than the RDA (Table 3).

After age, sex, body weight, and presence of diabetes were con-
trolled for, the total weekly urea clearance remained significantly
and independently associated with actual dietary intakes of vita-
min A, thiamine, riboflavin, niacin, and vitamin B-12. A signifi-
cant association was also noted between urea clearance and
dietary phosphate, iron, and zinc intakes (Table 7). On the other
hand, the GFR showed significant and independent effects on
actual intakes of vitamin A, thiamine, riboflavin, vitamin B-12,
folic acid, niacin, vitamin C, calcium, phosphate, iron, and zinc.

DISCUSSION

This was the largest single-center survey of actual dietary
intakes of vitamins and minerals in CAPD patients. Deficiencies
of thiamine, vitamin B-6, vitamin C, folic acid, and zinc reported
in CAPD patients were largely based on low blood concentrations
(12, 24, 25). This survey confirmed that the actual intakes of most
water-soluble vitamins, except vitamin B-12, and minerals
(including iron and zinc) were low in most of the CAPD patients.
This finding provides further support for the recommendation that
CAPD patients be supplemented with vitamins and minerals (9,
11–13, 24, 26).

Thiamine and vitamins B-6 deficiencies, as a result of protein
restriction or anorexia (9, 10, 12, 14, 24, 26), have been reported
in many CAPD patients who were not taking supplements (12,
24). In the present study we showed a novel relation of dialysis
adequacy and RRF with dietary intakes of the B vitamins. A low
intake of B vitamins in patients with a low urea clearance and low
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TABLE 4
Average daily dietary intakes of fat-soluble and water-soluble vitamins in the 3 groups of patients receiving continuous ambulatory peritoneal dialysis in
relation to the recommended dietary allowance (RDA; 15)1

RDA2
P

WD group (n = 84) DD group (n = 71) ID group (n = 87) Men Women (across groups)

Fat-soluble vitamins
Vitamin A (mg) 1.87 (1.14, 3.29)3 1.62 (0.93, 2.36) 1.41 (0.92, 2.36)4 1.00 0.8 0.047
Vitamin D (�g) 5.07 (1.20, 16.35) 3.12 (0, 11.72) 4.57 (0, 12.54) 0.042
Vitamin D supplement (�g) 0 (0, 0.01) 0 (0, 0.29) 0 (0, 0.25) 0.005
Total vitamin D (�g)5 5.48 (1.22, 16.35) 3.41 (0.23, 12.28) 4.81 (0.25, 12.54) 5 5 0.070

Water-soluble vitamins
Thiamine (mg) 0.66 ± 0.366 0.53 ± 0.244 0.52 ± 0.297 1.2 1.0 0.003
Riboflavin (mg) 0.67 ± 0.32 0.60 ± 0.29 0.56 ± 0.284 1.4 1.2 0.047
Vitamin B-6 (mg)8 0.25 (0.07, 0.30) 0.19 (0.07, 0.30)4 0.17 (0.07, 0.33)7 0.40 0.32 0.003
Vitamin B-12 (�g)9 1.04 (0.60, 1.85) 0.79 (0.50, 1.59) 0.88 (0.41, 1.27)4 0.50 0.50 0.049
Folic acid (�g) 44.71 (21.16, 85.49) 29.65 (16.05, 51.02)4 28.77 (11.17, 60.17)7 50 45 0.003
Niacin (mg) 12.49 ± 6.07 10.58 ± 5.31 10.86 ± 6.94 15 13 0.111
Vitamin C (mg) 93.59 ± 53.53 82.64 ± 44.24 72.53 ± 59.96 60 60 0.038

1 WD, well-dialyzed with residual renal function (urea clearance ≥ 1.7 and a glomerular filtration rate ≥ 1 mL·min�1 · 1.73 m�2); DD, dialysis depend-
ent with negligible residual renal function (urea clearance ≥ 1.7 and a glomerular filtration rate < 1 mL·min�1 · 1.73 m�2); ID, inadequately dialyzed (urea
clearance < 1.7). Urea clearance calculated as Kt/V, where K is a constant, t is time, and V is total body water.

2 For healthy adults aged ≥50 y (15).
3 Median; interquartile range in parentheses.
4,7 Significantly different from the WD group (after Bonferroni correction): 4 P < 0.05, 7 P < 0.01.
5 Dietary plus supplemental vitamin D.
6 x– ± SD.
8 Includes only those food items with ≥20% of the RDA of the vitamin.
9 Includes only those food items with ≥25% of the RDA of the vitamin.

RRF was largely the result of an overall low energy or food intake.
Nutrient densities of thiamine, vitamin B-6, and folic acid were
significantly lower in the ID group than in the DD and WD groups,
indicating a truly low intake of these vitamins that was not simply
the result of a low energy intake in patients with a urea clearance
< 1.7 and low RRF. The main source of folic acid is vegetables,
whereas meat, legumes, and dairy products are not only rich
sources of thiamine and vitamin B-6 but also of protein and phos-
phate. Intakes of these food items is low in patients with low RRF
and low urea clearance as a result of diets that are low in protein
and phosphate. This is in keeping with the findings of a previous
study that showed a spontaneous reduction of dietary protein

intakes in patients with chronic renal failure as renal function
worsened and uremia increased (27). On the other hand, signifi-
cant and independent associations between RRF (but not PD urea
clearance) and intakes of the different B vitamins indicate that the
contribution of PD urea clearance and RRF to dietary intakes of
vitamins in CAPD patients is not equivalent.

Previous studies noted that 11–40% of nonsupplemented CAPD
patients have low plasma folic acid concentrations (12, 24). Actual
dietary intakes of folic acid in hemodialysis patients were often
below the RDA (28, 29). Our survey showed that dietary folic acid
intakes were below the RDA in two-thirds of our CAPD patients
and that the lower the RRF, the lower the folic acid intakes.

TABLE 5
Average daily dietary intakes of protein, energy, and minerals in the 3 groups of patients receiving continuous ambulatory peritoneal dialysis in relation to
the recommended dietary allowance (RDA; 15)1

RDA2
P

WD group (n = 84) DD group (n = 71) ID group (n = 87) Men Women (across groups)

Protein (g/kg) 1.23 ± 0.473 1.12 ± 0.49 0.99 ± 0.404 1.1–1.2 1.1–1.2 0.002
Energy (kJ/kg)5 114 ± 37 100 ± 366 96 ± 357 164 164 0.002
Calcium (mg) 313 ± 130 295 ± 134 276 ± 134 — — 0.187
Calcium supplement (mg) 1677 ± 942 1406 ± 999 1528 ± 929 — — 0.208
Total calcium (mg)8 1991 ± 962 1703 ± 1013 1803 ± 950 800 800 0.175
Phosphate (mg) 746 ± 268 665 ± 240 647 ± 2739 800 800 0.036
Iron (mg) 10.39 ± 3.91 8.83 ± 3.429 8.86 ± 3.869 10 10 0.011
Zinc (mg) 7.15 (5.62, 8.69) 6.19 (4.67, 7.97) 6.10 (4.53, 8.28)9 15 12 0.023

1 WD, well-dialyzed with residual renal function (urea clearance ≥ 1.7 and a glomerular filtration rate ≥ 1 mL·min�1 · 1.73 m�2); DD, dialysis depend-
ent with negligible residual renal function (urea clearance ≥ 1.7 and a glomerular filtration rate < 1 mL·min�1 · 1.73 m�2); ID, inadequately dialyzed (urea
clearance < 1.7). Urea clearance was calculated as Kt/V, where K is a constant, t is time, and V is total body water.

2 For healthy adults aged ≥50 y (15).
3 x– ± SD.
4,6,7,9 Significantly different from the WD group (after Bonferroni correction): 4 P < 0.001, 6 P < 0.05, 7 P < 0.005, 9 P < 0.05.
5 Does not include energy from peritoneal glucose absorption.
8 Dietary plus supplemental calcium.
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TABLE 7
Linear regression analysis showing independent effects of total weekly urea clearance (for every 0.25-unit increase) and residual renal function (for every
1-unit increase) on dietary micronutrient intakes in patients receiving continuous ambulatory peritoneal dialysis after control for age, sex, body weight,
and diabetes

Total weekly urea clearance Residual renal function

Dependent variable Estimated mean (95% CI) P Estimated mean (95% CI) P

Protein (g •kg�1 •d�1) 0.052 (0.023, 0.081) <0.001 0.04 (0.01, 0.07) 0.012
Energy (kJ •kg�1 •d�1) 2.385 (0.205, 4.569) 0.015 3.60 (1.26, 1.42) 0.003
Fat-soluble vitamins (%)

Vitamin A1 6.05 (�0.05, 12.53) 0.053 7.25 (0.73, 14.19) 0.028
Water-soluble vitamins (%)1

Thiamine 3.82 (0.22, 7.55) 0.039 6.40 (2.51, 10.43) 0.001
Riboflavin 3.67 (0.32, 7.13) 0.032 4.08 (0.40, 7.57) 0.030
Vitamin B-6 3.76 (�2.46, 11.37) 0.240 5.34 (�0.87, 11.94) 0.092
Vitamin B-12 9.12 (3.09, 15.50) 0.003 8.11 (1.94, 14.66) 0.011
Folic acid 1.59 (�6.53, 10.65) 0.680 11.52 (3.11, 20.61) 0.007
Niacin 4.92 (1.23, 8.74) 0.010 4.92 (1.08, 8.90) 0.014
Vitamin C 4.89 (�0.12, 10.16) 0.057 8.33 (2.95, 13.99) 0.003

Minerals
Calcium (mg/d) 7.91 (�1.26, 17.09) 0.091 10.28 (0.57, 19.80) 0.038
Phosphate (mg/d) 26.77 (8.91, 44.63) 0.003 24.04 (5.17, 42.92) 0.013
Iron (mg/d) 0.31 (0.05, 0.57) 0.018 0.35 (0.08, 0.63) 0.011
Zinc (%)1 3.20 (0.31, 6.18) 0.030 3.15 (0.16, 6.23) 0.040

1 Data were log transformed before being entered into the regression model.

TABLE 6
Nutrient densities of different vitamins and minerals in the 3 groups of patients receiving continuous ambulatory peritoneal dialysis1

WD group (n = 84) DD group (n = 71) ID group (n = 87) P (across groups)

Fat-soluble vitamins
Vitamin A (mg/MJ) 0.31 (0.20, 0.48)2 0.30 (0.18, 0.50) 0.27 (0.19, 0.38) 0.314
Vitamin D (�g/MJ) 1.19 (0.17, 2.43) 0.54 (0, 2.25) 0.60 (0, 2.20) 0.089

Water-soluble vitamins
Thiamine (mg/MJ) 0.10 ± 0.043 0.10 ± 0.04 0.09 ± 0.034 0.046
Riboflavin (mg/MJ) 0.10 ± 0.03 0.11 ± 0.05 0.10 ± 0.03 0.153
Vitamin B-6 (mg/MJ) 0.04 (0.03, 0.07) 0.03 (0.02, 0.06) 0.03 (0.02, 0.06)4 0.024
Vitamin B-12 (�g/MJ) 0.18 (0.11, 0.27) 0.15 (0.10, 0.26) 0.15 (0.08, 0.22) 0.244
Folic acid (�g/MJ) 7.22 (3.90, 12.56) 5.00 (2.68, 9.73) 5.45 (2.46, 9.46)4 0.031
Niacin (mg/MJ) 1.91 ± 0.59 1.91 ± 0.73 1.90 ± 0.97 0.998
Vitamin C (mg/MJ) 15.19 ± 8.63 15.37 ± 8.08 12.62 ± 7.98 0.058

Minerals
Calcium (mg/MJ) 49.7 ± 17.7 54.2 ± 20.7 48.2 ± 14.0 0.088
Phosphate (mg/MJ) 116 ± 24 121 ± 31 114 ± 28 0.359
Iron (mg/MJ) 1.63 ± 0.43 1.60 ± 0.43 1.56 ± 0.38 0.528
Zinc (mg/MJ) 1.13 (1.04, 1.35) 1.15 (1.03, 1.38) 1.12 (1.01, 1.29) 0.373

1 WD, well-dialyzed with residual renal function (urea clearance ≥ 1.7 and a glomerular filtration rate ≥ 1 mL·min�1 · 1.73 m�2); DD, dialysis depend-
ent with negligible residual renal function (urea clearance ≥ 1.7 and a glomerular filtration rate < 1 mL·min�1 · 1.73 m�2); ID, inadequately dialyzed (urea
clearance < 1.7). Urea clearance was calculated as Kt/V, where K is a constant, t is time, and V is total body water.

2 Median; interquartile range in parentheses.
3 x– ± SD.
4 Significantly different from the WD group, P < 0.05 (after Bonferroni correction).

However, it remains unknown whether the hyperhomocysteinemia
in dialysis patients is partly due to low dietary folic acid intakes
subsequent to low RRF. Folic acid supplementation resulted in an
average reduction in homocysteine concentrations of 30–40% in
hemodialysis patients (30–32) but never normalized it. Our data,
together with current available evidence (26, 33), suggest that folic
acid supplementation should be considered in CAPD patients with
reduced intakes subsequent to low RRF. However, the optimal
dose of supplementation needs to be determined.

Dialysis patients are at risk of vitamin C deficiency (24, 34) as
a result of restricted intakes of fruit and leafy vegetables and
increased dialysate losses (12). Prolonged soaking and boiling of

vegetables to reduce the potassium content also inactivates vita-
min C (26). We noted that the intake of vitamin C was below the
RDA in nearly one-half of our patients and was especially defi-
cient in those with low RRF and low total urea clearance. In keep-
ing with previous studies (12, 24, 26, 35), our results suggest the
need for vitamin C supplementation in all dialysis patients, espe-
cially those with low RRF and low total urea clearance (< 1.7). On
the other hand, > 80% of our patients had dietary intakes of vita-
mins A and B-12 that met the RDA; therefore, routine supple-
mentation with these vitamins is not necessary (26).

Dietary intakes of iron and zinc also decreased secondary to the
loss of RRF and decreased urea clearance. Iron intakes below the
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TABLE 8
Recommendations concerning vitamins and minerals for patients
receiving continuous ambulatory peritoneal (CAPD) dialysis1

Recommendation

Fat-soluble vitamins
Vitamin A None
Vitamin D Individualize on the basis of 

serum calcium, parathyroid 
hormone, and alkaline 
phosphatase concentrations

Water-soluble vitamins
Thiamine 2–5 mg/d
Riboflavin 1.2–1.4 mg/d (RDA)
Vitamin B-6 10 mg/d
Vitamin B-12 None
Folic acid 5 mg/d
Niacin 13–15 mg/d (RDA)
Vitamin C 60 mg/d (RDA)

Minerals
Calcium Given for phosphate binding
Phosphate None
Iron To maintain a serum ferritin 

concentration >100 ng/mL 
and transferrin saturation 
>20%

Zinc 10 mg/d (RDA) if deficient
1 Recommendations based on our own local survey of dietary intakes in

CAPD patients and on relevant studies (11–14, 24, 26, 28, 30, 33–37).
RDA, recommended dietary allowance (15).

RDA in nearly two-thirds of our patients explains the high inci-
dence of iron deficiency and confirms the need for iron supple-
mentation in these patients. Although patients with better-
preserved RRF and a higher urea clearance had higher dietary zinc
intakes than did those with low RRF, zinc intakes remained largely
below the RDA in most of the patients. This occurred because of
anorexia or because of restricted intakes of foods rich in these
trace elements, eg, meat and seafood. Low plasma zinc concen-
trations were reported in predialysis and dialysis patients (25) and
may explain many of the symptoms associated with renal failure
(eg, loss of appetite and altered taste and smell), which improved
after zinc supplementation (36). Our results suggest the need for
zinc supplementation in most CAPD patients with deficient dietary
intakes of zinc. However, studies are needed to better define ways
to detect zinc deficiencies and guidelines for giving zinc supple-
ment. Although dietary calcium intakes were low in most of the
CAPD patients, total daily calcium intakes were well above the
RDA in most of the patients, because of additional calcium taken
for phosphate binding, and may predispose to a higher risk of cal-
cific complications in the presence of hyperparathyroidism.

Current daily vitamins requirements are not well defined for the
dialysis population and are largely based on the RDA for the gen-
eral population. Although dietary intakes of most water-soluble
vitamins and minerals, including zinc and iron, were lower than the
RDA, none of our patients had obvious clinical vitamin deficiency
syndrome. However, one cannot exclude the possibility of mild
deficiency syndrome because clinical symptoms may not be obvi-
ous and blood vitamins concentrations are needed to confirm the
deficiencies. Normalization of blood vitamin concentrations was
shown after supplementation with vitamin B-6, vitamin C, and folic
acid (12, 37, 38). However, it remains to be determined whether
vitamin or mineral supplementation make any clinical difference

in persons with mild deficiencies. On the basis of our own survey
and the findings of others, we have formulated a recommendation
for vitamin and mineral supplementation in CAPD patients. These
recommendations not only take into account low intakes but also
account for increased losses of some of the vitamins (Table 8).

Although the current DOQI working group recommends a min-
imum weekly urea clearance target of 2.0 for CAPD patients (39),
a total weekly urea clearance of 1.7 was used as the cutoff for ade-
quate dialysis in this study. This cutoff is based on previous epi-
demiologic studies showing that Asian CAPD patients had better
clinical outcomes despite having urea clearance values that were
lower than standards for whites (40, 41). The 2-y patient survival
was 83% in Chinese patients (41) and 78% in the Canada-United
States study (7); the average urea clearance values were 1.75 and
2.1, respectively. Our recent study confirmed that providing a total
weekly urea clearance of ≥ 1.7 resulted in an average dietary pro-
tein intake of 1.2 g · kg�1 · d�1 in the Chinese patients (42).

The estimation of total body water varies significantly depend-
ing on the method of calculation and results in significant varia-
tion in urea clearance. One study suggested that Watson’s formula
provides a reliable estimation of total body water in peritoneal
dialysis patients (43), although other studies warned about signi-
ficant underestimation of total body water with the use of Wat-
son’s formula, especially in lean and obese peritoneal dialysis
patients with overhydration (44, 45). Watson’s formula was used
to estimate total body water in the present study, as recommended
by the DOQI guidelines (46), because it provides a reasonable and
acceptable approximation based on ease of determination.

In summary, we showed the importance of performing a detailed
dietary assessment in dialysis patients to detect not only protein-
energy malnutrition but also micronutrient malnutrition. Significant
and independent effects of RRF and dialysis adequacy on actual
intakes of the B vitamins, vitamin C, and minerals—including cal-
cium, phosphate, iron, and zinc—were observed. Our results sup-
port the recommendation that CAPD patients be supplemented with
most water-soluble vitamins, except vitamin B-12, and minerals such
as iron and zinc; this recommendation holds especially for those
patients with low dietary intakes of these nutrients subsequent to loss
of RRF and a resulting decrease in total urea clearance.

We acknowledge the valuable assistance of Ly-Mee Yu (Center of Clinical
Trials and Epidemiologic Research) for providing statistical support.
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