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Abstract 
Twenty-one chronic hemodialysis patients underwent nutritional evaluation and regular 

dietary counseling to improve the protein and energy intake for 8 weeks. As a result, the mean 
serum potassium and phosphorus concentrations were increased but were still within the normal 
ranges. After counseling, the frequency of abnormal TPPE and EGRAC were decreased (9.5 to 4.8 
per cent and 19 to 14.3 per cent, respectively) while the frequency of hypervitaminosis A was 
increased from 67 to 81 per cent. Though the evidence of zinc deficiency was decreased from 81 
to 62 per cent after counseling, mean serum zinc levels were low in both periods and inadequate 
vitamin B status cannot be totally eradicated due to the limitation of food selection. Therefore, 
regular supplementation of vitamin B complex is required, whereas, vitamin A supplementation 
must be prohibited in chronic HD patients. Small daily doses of potassium chelator and phosphate 
binder are mandatory if improvement of nutritional status is aimed to be one of the therapeutic 
goals. 

Many clinical disturbances associated with 
hemodialysis (HD) result from an imbalance 
between ingested nutrients and the capacity of the 
artificial kidney to excrete the end products of pro­
tein metabolism. Hyperphosphatemia and hyper­
kalemia are serious problems in dialysis patients 
especially fatal hyperkalemia. Dietary manipulation 
has been an important therapeutic intervention to 
reduce the complications of uremia(!). The major 
sources of potassium are from high biological value 
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(HBV) protein and from fruits and vegetables. 
Therefore, food intake of these patients is usually 
restricted and leads to reduced vitamin intake. These 
limitations are particularly pronounced for the 
water-soluble vitamins which are abundant in high 
potassium foods, such as citrus fruits and vegeta­
bles, or high protein foods, such as meat and milk. 
The typical diet for patients undergoing main­
tenance dialysis is frequently below the recom­
mended dietary allowance in the water-soluble 
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vitamins, especially when the daily protein intake is 
60 g or less(2). In contrast, the intake of vitamin A 
can be readily increased without significant change 
in the protein or electrolyte intake. While the serum 
level of vitamin A is known to accumulate in chro­
nic renal failure patients (CRF) and HD patients, 
deficiency of vitamin B 1 and B2 as well as subnor­
mal plasma zinc levels have been reported(3,4), In 
addition, zinc deficiency even marginally is impor­
tant since this can cause hypogeusia, lack of appe­
tite, and gonadal dysfunction in patients on hemo­
dialysis(5). 

Therefore, this study was designed to eva­
luate whether giving regular individual dietary 
counseling to HD patients could improve their 
vitamin and mineral status. 

MATERIAL AND METHOD 
Twenty-one chronic renal failure patients, 

15 males and 6 females, age 46.4±9.1 years under­
went chronic hemodialysis (HD) at Ramathibodi 
Hospital with a mean duration of 19 months (range 
1-75 months). All patients were dialyzed twice a 
week, 4 hours per dialysis, with bicarbonate buffer 
via cellulose diacetate 1.5 m2 surface area dia­
Iyzers. 

Vitamin and mineral status were evaluated 
at the beginning of the study. The daily vitamin 
and mineral intakes were assessed by 4-day inter­
dialysis dietary record. Data were analyzed by 
using the computerized food composition analysis 
package "Nutritionist III" modified for Thai food by 
the Institute of Nutrition, Mahidol University. Pro­
tein catabolic rate (PCR) which reflects the change 
of total body nitrogen was employed as a clue to 
confirm the patient's protein intake. Biochemical 
vitamin B-1 status was determined by the erythro­
cyte transketolase activity (ETKA) and thiamin 
pyrophosphate effect (TPPE)(6), vitamin B-2 status 
by erythrocyte glutathione reductase activity coeffi­
cient (EGRAC)0). Serum retinol was measured by 
high performance liquid chromatography(8). Serum 
zinc was measured by flame-atomic absorption 
spectrophotometry(9). Serum potassium was ana­
lyzed by ion-selective electrode method00). 
Serum phosphorus was measured by colorimetric 
method01 ). 

Baselined dietary assessment was under­
taken twice 8 weeks apart prior to the start of 
dietary counseling. After nutritional evaluation, 
regular dietary counseling was initiated. The pre-

scribed dietary protein and energy intakes were 1.0 
to 1.2 g/kg ideal body weight (IBW)/ d with 60 
per cent from high biological value (HBV) protein 
and 35-40 kcal/kg IBW/d, respectively. All patients 
were prescribed 2.0 to 3.0 g sodium/d, 2.0 to 3.0 g 
potassium/d and 1.0 to 1.2 g phosphorus/d. They 
were also recommended to drink fluid amounting 
to 750 mUd plus the amount equal to the urine 
output of the previous day. The patients did not 
receive any of the aforementioned supplements 
during the study period. The patients were visited 
by the dietitian twice weekly during the hemodia­
lysis periods to review the dietary records and 
receive advices on proper food selections. Eight 
weeks after dietary counseling, the vitamin and 
mineral status were reevaluated. Statistical analysis 
was performed by using the Statistical Package for 
the Social Science (SPSS). The statistically signifi­
cant difference was assumed if the p-value was 
less than 0.05. Correlation were assessed by using 
Pearson correlation. The results were presented as 
mean ± SD. Pair t-tests were used to assess dif­
ferences between pre and post dietary counseling. 

RESULTS 
There was no significant change in the 

dietary intake during 8 weeks of precounseling 
observation (Fig. I). After dietary counseling, the 
mean energy and protein intakes were significantly 
improved (24±4 vs 27±4 kcal/kg IBW/d, p<0.05 
and 0.7±2 vs 0.9±2 g/kg IBW/d, p<0.05). The 
improvement was also confirmed by the change 
of PCR. The average intakes of thiamin, riboflavin 
and retinol covered between 70 to 80 per cent of 
the recommendations before and 80 to 90 per cent 
after the counseling but they were not significantly 
different (Table 1 ). The occurrence of the inade­
quate intakes of thiamin, riboflavin and retinol were 
decreased from 62, 8 I and 48 per cent to 57, 57 
and 38 per cent, respectively (Fig. 2). After diet 
counseling, phosphorus intake was increased sig­
nificantly whereas the potassium intake was un­
changed, both of them were not over the recom­
mendations (Table I). There was a positive corre­
lation between protein intake and phosphorus intake 
(r=0.41, p<0.05), whereas potassium and zinc 
intakes did not correlate with the protein intake. 
Dietary zinc intake in both periods were lower 
than RDA and were not significantly different 
(Table 1). 
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Fig. 1. a) Energy intake, b) protein intake and c) PCR in 21 HD patients before and after diet counseling. 

Table 1. Average daily vitamin and mineral intakes (mean ± SD) in 21 HD patients before and after diet 
counseling. 

Nutrient intake Daily requirement * Before diet counseling 

Thiamin, 
mg/1 000 kcal/d 0.5 0.42 ± 0.13 
-%RDA 84 ± 26 
Riboflavin, 
mg/1000 kcalld 0.6 0.43 ± 0.23 
%RDA 72 ± 38 
Vitamin A, 
REid 700 563 ± 482 
%RDA 80 ± 69 

Phosphorus, mg/d 1000-1200 731 ±142 
Potassium, mg/d 2000-3000 1598 ± 289 
Zinc intake, 
mg/day 15 3.2 ± 0.9 
%RDA 21 ±6.0 

* Recommended daily dietary allowance and guideline for dietary consumption for healthy Thais, 1989. 
RE = retinal equivalent included vitamin A and B carotene 
t significant difference from before diet counseling, p<0.05 

After diet counseling 

0.41 ±0.14 
82 ± 28 

0.52 ± 0.37 
86±62 

650±710 
93 ± 102 

782 ± 174+ 
1704±301 

3.8 ± 1.1 
25 ± 7.3 
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Fig. 2. Frequency of inadequate vitamin intake* in 21 HD patients before and after diet counseling 
• vitamin intake < 90% RDA (number of case is shown in parentheses) 

Table 2. Average erythrocyte thiamin and ribofla­
vin-dependent enzymes and serum retinol 
(mean ± SD) in 21 HD patients before and 
after diet counseling. 

Parameter Before diet After diet 
counseling counseling 

ETKA,IU 288:1:209 357:1: 14l t 
EGRA, IU 2274:1:881 2567 :1: 1113 
Serum vitamin A, 11g/dL 132:1:49 146:1:12 

t significant difference from before diet counseling, p< 0.05 

After counseling, the activity of thiamin­
dependent enzyme, ETKA, was significantly in­
creased whereas the increment of riboflavin-depen­
dent enzyme, EGRA, did not reach statistical dif­
ference (Table 2) while the evidence of abnormal 
TPPE and EGRAC were decreased following the 
counseling (Fig. 3). There was no difference in 
serum vitamin A level between both periods. How­
ever, hypervitaminosis A were found in both periods 
(Table 2) and the frequency of hypervitaminosis A 
was increased from 67 to 81 per cent (Fig. 3). 

The mean serum potassium and phospho­
rus concentrations were increased significantly 
after counseling (Table 3). Serum zinc was low in 

Table 3. Average serum mineral levels (Mean± SD) 
in 21 HD patients before and after diet 
counseling. 

Parameter Before diet After diet 
counseling counseling 

Zinc,!lg/dL 67± 16 70± 13 
Potassium, mEqiL 4.9 ±0.6 5.3 ± 0.6t 
Phosphorus, mg/dL 7.4:1: 1.5 8.0± 1.9t 

t significant difference from before diet counseling, p< 0.05 

both periods and there was no significant difference 
after diet counseling (Table 3). Though serum zinc 
was low in most patients, the frequency of zinc 
deficiency was decreased from 81 to 62 per cent 
after diet counseling (Fig. 2). 

DISCUSSION 
That low calorie and protein intakes were 

persistently present during the eight weeks of the 
baseline period and improved after the counseling 
(Fig. 1) may reflect the results of tight dietary con­
trol during the chronic renal failure state: even as 
HD members, the patients continued to habitually 
maintain pre-HD energy and protein intake despite 
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Fig. 3. Frequency of biochemical abnormalities* of thiamin, riboflavin, zinc and retinol before and after 
diet counseling TPPE> 15%(22), EGRAC 2:.1.2(7), serum zinc <75 J1g/dL(23) and serum retinol 
2:.100 Jlg/dL(24) (number of case is shown in parentheses) 

the necessity of consuming 1.5 times more energy 
and protein than their pre-HD level. This poor 
dietary habit thus demonstrates a gap between the 
status of the theoretical medical knowledge, i.e., 
the need to return HD members to proper diets, and 
the practical nutritional approach toward HD 
patients. The presence of a dietitian in the renal unit 
should fill this void. As a consequence of increased 
dietary protein intake the serum phosphorus and 
potassium levels rose significantly as confirmed by 
the positive correlation between daily phosphorus 
intake and protein intake (r=0.45, p<0.05). Since 
the protein requirement in these patients is high, 
patients cannot ingest less phosphorus without 
making the diet too restrictive. Only the phosphorus 
intake was significantly increased (Table 1) but 
both serum phosphorus and potassium levels were 
still in the acceptable ranges, pointed out that our 
patients did choose the right food choices follow­
ing the instructions. However, prescribing these 
patients small doses of phosphorus and potassium 
binders will be very beneficial especially for pre­
venting life-threatening arrhythmias while they are 
trying to consume more protein. Mean serum zinc 
in our patients was remarkably low since zinc 
intake was only slightly improved (Table 3 and I) 

in spite of increased protein intake. In addition, it 
was shown that zinc lost through HD was mini­
ma1Cl2), whereas high excretion of zinc was 
demonstrated in the stool(l3). Therefore, low serum 
zinc in HD patients was caused mainly by the 
combined effects of low intake and high fecal 
excretion. Low plasma zinc and decreased taste 
acuity have been documented in patients undergo­
ing HD(I4). Following therapy with oral zinc sup­
plementation, improvement of plasma zinc, taste 
acuity and food intake were reported in HD patients 
(15). However, normalization of zinc status with 
increased dietary intake is difficult since foods rich 
in zinc are found in expensive sea foods. Mahajan 
et atCl3) reported that lO mg of dietary zinc was 
not sufficient to keep hemodialysis uremic patients 
in a positive balance. Therefore, at least 15 mg of 
extra zinc supplement may be needed. It was found 
that if the HD patients were treated with diets con­
taining an adequate amount of vitamin B-1 and 
B-2, supplementation with these vitamins was not 
necessary05,16). However, by dietary means we 
could only minimally improve the biochemical 
changes of B-1, B-2 but could not completely irra­
dicate the deficiencies (Table 2 and Fig. 2, 3) This 
might be due to the presence of inadequate vitamin 
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contents in foods restricted in potassium and phos­
phorus(2) and the preexisting food habit from the 
previous stringent dietary scheme. It is likely that 
the improvement could be accomplished with time. 
Nevertheless, in case of uncertainty of intake Mydlik 
et al( 17) reported that glutathione reductase value 
could be normalized with a daily supplement of 2 
mg/d. 

On the contrary, serum vitamin A level 
was high since the beginning of the study and was 
unchanged in spite of the diet counseling (Table 2). 
Farrington et al( 18) found that multiple vitamins 
made an important contribution to vitamin A toxi­
city. However, our patients did not take any vitamin 
A supplement and the retinol intake in these patients 
was not high, the abnormal vitamin A levels might 
have been caused by the increase of retinol binding 
protein09), or problem in the conversion of retinol 
to retinoic acid(20) since the conversion process 

requires retinol dehydrogenase, a zinc dependent 
enzyme(21). It is tempting to postulate that zinc 
deficiency may also be responsible for the altered 
vitamin A metabolism in HD patients and zinc sup­
plementation should improve the retinol metabo­
lism. 

In conclusion, though dietary counseling 
can improve the vitamin and mineral status in 
chronic HD patients, the efficiency is low. This 
might be due to the stringent dietary habit formed 
during the predialysis period as well as the limited 
food choices. Supplementation with vitamin B 
complex is helpful whereas vitamin A supplement 
may be dangerous and must be prohibited. On the 
contrary, zinc supplementation must be encou­
raged in all patients. Small daily doses of potas­
sium chelator in addition to phosphate binder will 
be very advantageous if improvement of nutritional 
status is one of the therapeutic goals. 

(Received for publication on May 8, 1997) 
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