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ABSTRACT 
Background 
Vitamin B12 is a water-soluble vitamin in several normal cellular functions. Low vitamin B12 has been 
associated with high concentrations of homocysteine and can lead to health complications. In addition to 
metabolic alteration and restricted food products allowable in renal failure patients, vitamin B12 is actively 
removed by hemodialysis with high fl ux membranes. 

Objective
To detect the prevalence of vitamin B12 levels in hemodialysis patients and its relation to the duration of 
dialysis and daily protein intake. 

Method
This cross-section observational multicenter study was conducted on 169 hemodialysis patients in four 
Sulaimani Governorate centres. A questionnaire used to gather data included patient, dialysis, diet, and 
medication information. Blood investigation was taken to detect the vitamin B12 level and mean corpuscular 
volume. 

Results
 Twenty-nine patients (17.1 %) had vitamin B12 defi ciency. High fl ux fi lter hemodialysis was not used in all the 
centres included in this study. No cases with four hours of dialysis sessions had vitamin B12 defi ciency. All 
the patients were on sub-optimum protein diet restriction. No cases of vitamin B12 defi ciency were present 
in patients receiving protein of 0.6-0.7 gm/kg/day. All our patients had normochromic normocytic anaemia. 

Conclusion
Our patients have an average percentage of vitamin B12 defi ciency compared to other centres worldwide. The 
main causes of vitamin B12 defi ciency in our patients were the sub-optimum restriction of protein diet and the 
sub-optimum dialysis.
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INTRODUCTION 
Vitamin B12 (cobalamin) is a water-soluble vitamin 
involved in several normal cellular functions (1). Vitamin 
B12 is required for the development, myelination, and 
function of the central nervous system; healthy red 
blood cell formation; and DNA synthesis (2- 4). Low 
levels of vitamin B12 have been associated with high 
concentrations of homocysteine (Hcy) and can lead 
to health complications (5). Hyperhomocysteinemia 
is an important risk factor for cardiovascular disease 
(6). Vitamin B12 and other B vitamins are involved 
in homocysteine metabolism, and researchers have 
hypothesized that supplementation with these 
micronutrients can reduce the risk of cardiovascular 
disease by lowering homocysteine levels (7,8). Vitamin 
B12 deficiency is one of the causes of Macrocytic 
anaemia with increased mean corpuscular volume 
(MCV), defined as more than 100 fL, which is the 
hallmark of megaloblastic anaemia (9).

Intake recommendations for vitamin B12 and other 
nutrients are provided in the Dietary Reference 
Intakes (DRIs) developed by the Food and Nutrition 
Board (FNB) at the National Academies of Sciences, 
Engineering, and Medicine (2). Vitamin B12 is naturally 
present in foods of animal origin, including fish, meat, 
poultry, eggs, and dairy products (10).

Different foods have different amounts of protein. 
Animal origin or high biological value (HBV) foods 
such as meat, fish, and poultry have 7.0 grams of 
protein per 30 gm of that food (nearly 25% of the net 
weight), milk has 4 grams per half-cup, 6 gm per egg. 
Grains such as pasta, breads, and cereals like rice = (2.0 
grams) of protein per serving, vegetables (1.0 grams) 
per serving. While Fruits (trace) (11-13).

The recommended dietary allowance (RDA) for 
vitamin B12  is 2.4 mcg/d for adult males and females, 
including dialysis patients. Deficiencies occur mainly 
because of inadequate absorption caused by atrophic 
gastritis (lack of hydrochloric acid) or a lack of intrinsic 
factors (pernicious anaemia). Inadequate absorption 
may be caused by drug interactions such as those taken 
during chemotherapy, salicylates (aspirin and antacids), 
oral contraceptives, Anticonvulsants, chemotherapy 
agents, colchicine, bile acid sequestrates, H2 blockers, 
metformin, and proton pump inhibitors may reduce the 
levels of vitamin B12 

(14).

Dialysis patients usually have poor nutritional intake, 
predisposing them to B12 deficiency.

Moreover, food sources of vitamin B12 contain high 
concentrations of electrolytes, which are dangerous for 
dialysis patients, and they are limited to foods with low 
vitamin B12 content (15,16).

Plasma total homocysteine (tHcy) concentration is 
noticeably increased in end-stage renal disease (ESRD) 
(17).

Furthermore, compared to patients with normal renal 
function, the prevalence of hyperhomocysteinemia and 
the resulting death caused by atherosclerotic vascular 
disease are substantially greater in ESRD patients (18).

 Therefore, the pathophysiological chain of mechanisms 
that include vitamin prescription-homocysteine 
lowering-reduction in cardiovascular events has to 
be fully validated with more and bigger randomized 
controlled studies. In dialysis patients, especially those 
who are Helicobacter Pylori positive, a functional 
resistance in vitamin B12 therapy has been recognized; 
the implementation necessitates supra-physiologic 
doses and serum levels to achieve the desired effects 
(19,20).

Solute removal from the body was evaluated differently 
for each treatment modality. Solute clearance during 
dialysis-hemofiltration (DHF) therapy was assumed to 
be proportional to the ultrafiltration rate; the convective 
permeability factor was the solute sieving coefficient. 
The solute sieving coefficients during DHF for most 
calculations in a study were based on reported in vitro 
measurements conducted with either bovine or human 
plasma with a protein concentration of 6 mg/dl (21). 

Vitamin B12 is typically present in the serum at a 
concentration of about 250-900 pg/mL. At a molecular 
weight of 1,355, vitamin B12 is not easily dialyzable 
with low-flux dialysis. However, removing a significant 
amount of vitamin B12 with high-flux dialyzers 
is possible under certain conditions. The authors 
concluded that it is important for dialysis patients 
to take renal vitamins (which are mainly B complex 
vitamins) while on dialysis. The water-soluble vitamins 
are not routinely added to the dialysate (22).

So, in addition to restricted food products allowable in 
renal failure patients, vitamin B12 is actively removed 
by hemodialysis with high flux membranes (23).

In both chronic kidney disease (CKD) and end-stage 
renal disease (ESRD) patients, several metabolic 
alterations, including acidosis, systemic inflammation, 
and hormonal dysregulation, together with 
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comorbidities and multi-drug therapies, can lead to 
malnutrition with subsequent vitamin B12 deficiency. In 
addition, anorexia, gastroparesis, slow intestinal transit 
or diarrhoea, increased gut mucosal permeability, and 
gut microbiota impairment may represent worsening 
factors (24 - 26).

The cutoff between regular vitamin B12 levels and 
deficiency varies by method and laboratory, but most 
laboratories define subnormal serum or plasma values 
as those lower than 200 pg/mL (27) . The rate of protein 
intake of 1 to 1.2 g/kg/day indicates optimal nutritional 
intake in dialysis patients, while rates below 0.8 g/kg/
day indicate possible malnutrition (28).

Aim of the study

 To detect the prevalence of vitamin B12 levels in HD 
patients, to know the correlation between the vitamin 
B12 deficiency in those patients and the duration and 
the frequency of the sessions of dialysis., and to know 
the correlation between the vitamin B12 deficiency 
in those patients and the amount of the daily protein 
intake.  

METHOD AND PATIENTS 
This cross-section observational multi-centre study 
was done from November 22, 2021, to April 5, 2022, 
among Chronic Hemodialysis patients visiting four 
hemodialysis centres in Sulaimani governorate in Iraq 
/Kurdistan region. History and examinations were 
done, and blood samples were drawn from each patient 
for laboratory analysis.

The exclusion criteria

Patients with recent renal transplantation, patients who 
are taking sulpha drugs, methotrexate, anticonvulsants, 
chemotherapy agents, colchicine, bile acid sequestrates, 
H2  blockers, metformin, and proton pump inhibitors, 
patients on dialysis for less than three months.

Inclusion criteria 

chronic hemodialysis patients for more than three 
months.

Study Instrument

A questionnaire used to gather data included the 
following questions; 

Patient information (age, gender), dialysis information, 
diet information focused on a healthy lifestyle and 

protein intake, and medication information for 
administering B12 by tablet or ampule.

To calculate the amount of protein in the diet that the 
patient was taking every day, we asked the patient 
the average weight of food taken per week. Then, as 
described in the introduction, different foods have 
different amounts of protein (11,12).

Then we calculate the total protein taken per week, then 
per day, and divide the amount over the patient’s weight 
to have the results of the amount of protein taken by the 
patient in gm/kg/day.

Specimen procedure and Research protocol:

Laboratory rotational testing for B12 measurement, 
complete blood count including mean corpuscular 
volume (MCV).

Blood samples were obtained for laboratory investigation. 
Each participant provided around 1-2 mL of blood, 
which was split into Ethylenediaminetetraacetic acid 
(EDTA) tubes (2 mL) and processed by an automated 
counter for haemoglobin (Hb) content and other whole 
blood component concentrations. They were screening 
for serum vitamin B12 concentrations, adding (3-4) ml 
and Methylmalonic acid (MMA) levels in the blood. 
Specimens were placed in centrifuge tubes and spun 
for 10 minutes at > 10,000 relative centrifugal force 
before being examined for the presence of fibrin, 
red blood cells (RBCs), or other particulate material. 
Cobas e411 and the Swilab alfa machine were used for 
accurate diagnostics. 

Statistical Analysis

Statistical investigation for data input and analysis, 
the Statistical Package for the Social Sciences (SPSS) 
version 24.0 was used. The data had been coded, 
tabulated, and presented descriptively. The statistical 
procedure that was applied to determine the results 
of the present study included Descriptive statistics 
(Frequency, percentage, Mean, and standard deviation), 
Chi-Square Test (χ^2-test), Independent samples T-test, 
and One-way ANOVA (F-test). P < 0.05 was determined 
statistically significant.

RESULTS
The total number of patients involved in the study 
was 169 cases from Sulaimani City, and they are as 
follows: Shar Hospital, 53 patients; Qirga HD Center, 
60 patients; Rania HD Center, 43 patients; Halabja HD 
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Center, 13 patients. They include 50 males (53.3%) and 
79 females (46.7%), as shown in Tables (1, 3).

Twenty-nine patients (17.1 %) had vitamin B12 
deficiency. The lowest number of patients was in Shar 
centres (1.89%), while the highest was in Qirga and 
Ranya centres (31.6 and 18.6 %). Even 9.4 % of cases 
(5 patients) in Shar Center had high vitamin B12 levels. 
No patients had 4-hour dialysis sessions in all centres 
apart from Shar centre (50.9%) (Table 1 , 2).

High flux filter hemodialysis was not used in all the 
centres included in this study. No cases with four hours 
of dialysis sessions had vitamin B12 deficiency (Table 
3). Even the mean vitamin B12 in those patients was 
higher than those patients with 3 hours of session of 
dialysis with statistically significant value (Table 5).

All the patients were on sub-optimum protein diet 
restriction. If we divide them into three groups, severe 
(0.1-0.3 gm/kg/day), moderate (0.4-0.59 gm/kg/day), 

and mild (0.6- 0.7 gm/kg/day) sub-optimum protein 
restriction, we found that no cases with vitamin B 12 
deficiency present in patients receiving protein of 0.6-
0.7 gm/kg/day (Table 2.3). Also, the mean vitamin B12 
in those patients was higher than the patients in the 
other groups with statistically significant values (Table 
5).

However, none of our patients with vitamin B12 
deficiency had Macrocytic anaemia (MCV>100). 
However, the mean MCV in those patients was higher 
than those without vitamin B12 deficiency, with a 
statistically significant value (Table 4).

All the cases that had anaemia presented with the 
normochromic normocytic type of anaemia.

The level of vitamin B12 was not related to the age, 
gender, and weight of the patients (Table 5). 

Table 1. Distribution of the vitamin B12 of patients in hospitals.

Hospitals
Shar Qirga Ranya Halabja Total

P-value
Fr. % Fr. % Fr. % Fr. % Fr. %

Vitamin B12

Low 1 1.89 19 31.67 8 18.60 1 7.69 29 17.16 P=0.001

Normal 47 88.68 39 65.00 35 81.40 12 92.31 133 78.70

High 5 9.43 2 3.33 0 0 0 0.00 7 4.14

Total 53 100 60 100 43 100 13 100 169 100

Duration of each session of dialysis in hours

3 hours 26 49.06 60 100 43 100 13 100.00 142 84.02 P=0.000

4 hours 27 50.94 0 0 0 0 0 0.00 27 15.98

Total 53 100 60 100 43 100 13 100 169 100

No. of dialysis/week

1 1 1.89 1 1.67 4 9.30 0 0.00 6 3.55 P=0.000

2 46 86.79 16 26.67 22 51.16 6 46.15 30 17.75

3 6 11.32 43 71.67 17 39.53 7 53.85 73 43.20

Total 53 100 60 100 43 100 13 100 169 100
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Table 2. Distribution of the vitamin B12 of patients in hospitals.
Hospitals Shar Qirga Ranya Halabja Total P-value

Fr. % Fr. % Fr. % Fr. % Fr. %

Vitamin B12

Low 1 1.9 19 31.7 8 18.6 1 7.7 29 17.2 P=0.001

Other 
(normal or 
high)

52 98.1 41 68.3 35 81.4 12 92.3 140 82.8

Total 53 100 60 100 43 100 13 100 169 100

Duration of each session of dialysis in hours

3 hours 26 49.06 60 100 43 100 13 100.00 142 84.02 P=0.000

4 hours 27 50.94 0 0 0 0 0 0.00 27 15.98

Total 53 100 60 100 43 100 13 100 169 100

No. of dialysis/week

1 1 1.89 1 1.67 4 9.30 0 0.00 6 3.55 P=0.000

2 46 86.79 16 26.67 22 51.16 6 46.15 30 17.75

3 6 11.32 43 71.67 17 39.53 7 53.85 73 43.20

Total 53 100 60 100 43 100 13 100 169 100

Table 3. Distribution of the socio-demographic characteristics according to 
 vitamin B12 deficiency patients. 

Socio-demographic
Low Other (normal or high) Total

Fr. % Fr. % Fr. %

Age (years)

< 30 4 13.8 13 9.3 17 10.1

30 – 60 16 55.2 66 47.1 82 48.5

> 60 9 31.0 61 43.6 70 41.4

Sex

Male 20 69.0 70 50.0 90 53.3

Female 9 31.0 70 50.0 79 46.7

Weight (kg.)

< 50 2 6.9 9 6.4 11 6.5

50 – 75 17 58.6 89 63.6 106 62.7

 > 75 10 34.5 42 30.0 52 30.8

Duration of each session of dialysis in hours

3 hours 29 100.0 113 80.7 142 84.0

4 hours 0 0.0 27 19.3 27 16.0

Protein diet gm/kg/day

(0.1-0.3) 16 55.2 48 34.3 64 37.9

(0.4-0.59) 13 44.8 73 52.1 86 50.9

(0.6- 0.7) 0 0.0 19 13.6 19 11.2

Medication of vitamin B12

Yes 0 0.0 2 1.4 2 1.2

No 29 100.0 138 98.6 167 98.8

Total 29 100.0 140 100.0 169 100.0
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DISCUSSION
While (17.1%) of our patients had vitamin B12 
deficiency, in some other hemodialysis centres, the 
prevalence of vitamin B12 deficiency was 60 % among 
hemodialysis patients. This deficiency is caused by 
inadequate nutrition and loss through the high flux-
hemodialysis procedure. In our study, the high-flux 
hemodialysis was not used (29). Seven (9.4%) of the 169 
patients have high levels of vitamin B12. This was also 
seen in other studies in Swaziland, as 6.9% of their 
patients have high levels of vitamin B12 (31). Low serum 
B12 levels occur in high-flux hemodialysis patients and 
losses during dialysis and dietary deficiency may be 
contributing factors (30).

The prevalence of vitamin B12 deficiency was 2.5 % in 
other centres because dieticians followed the patients, 
and they had the optimum daily protein intake. In our 
study, none of our patients were seen or followed by 
any dietician, and vitamin B12 deficiency was among 
those with severe protein diet malnutrition (31). Also, 
this explains why there was no vitamin B12 deficiency 
among hemodialysis patients in other studies (32).

Other studies show that macrocytosis was observed in 
38% of the patients on maintenance hemodialysis and 
in 44% of the patients with combined hemodialysis 
and hemofiltration treatment; this was mostly because 
of efficient dialysis (with high flux- -hemodialysis) in 
patients with vitamin B12 deficiency (33). In our patients, 
all the cases with anaemia had a normochromic 

Table 4. Compare mean score of laboratory investigations with vitamin B12 deficiency patients.
laboratory 
investigations Vitamin B12 No. Mean Std. 

Deviation T-test P-value

Hb (gm/dl)
Low 29 9.4828 2.09797

0.532 0.595
Other (normal or high) 140 9.2857 1.75182

MCV
Low 29 88.4138 10.91041

2.057 0.041
Other (normal or high) 140 84.9071 7.74123

MCHC
Low 29 32.1034 1.47224

-0.913 0.363
Other (normal or high) 140 32.3500 1.29151

Table 5.Compare mean score of vitamin B12 in socio-demographic of patients. 

Socio-demographic
Vitamin B12

Mean S.D P-value

Age (years) < 30 404.2 271.9 0.7

30 – 60 424.7 357.9

> 60 462.4 293.7

Sex Male 431.6 360.9 0.778

Female 445.8 276.9

Weight (Kg.) < 50 441.7 302.4 0.22

50 – 75 406.6 292.3

> 75 502.0 380.4

Duration of each session of dialysis 
in hours

3 hours 388.5     235.0 0.000

4 hours 699.7 540.8

Protein diet gm/kg/day (0.1-0.3) 363.3 184.6 0.001

(0.4-0.59) 444.2 318.9

(0.6- 0.7) 663.9 551.0
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normocytic type. The duration of dialysis may play a 
role in explaining this point.

No cases of vitamin B12 deficiency are present in our 
patients who were on a 4-hour dialysis session. We 
are not using high flux- hemodialysis in our patients 
because those patients had better general conditions 
and appetite. Moreover, better dialysis gives us better 
intestinal absorption of vitamins and better metabolism. 
We have fewer cases of vitamin B12 deficiency in Shar 
Hospital because 50.9 % of the cases were on four-hour 
dialysis sessions, post-graduated nephrology doctors 
supervised the patients, and they had less restricted 
protein diets.

In conclusion, our patients have an average percentage 
of vitamin B12 deficiency compared to other centres 
worldwide. The main causes of this problem in our 
study were the sub-optimum restriction of protein diet 
and the sub-optimum dialysis.

Recommendations

All patients should be examined, followed by a 
dietician, and reassessed every six months. Cover the 
patients with the optimum sessions of dialysis. All 
hemodialysis patients must regularly follow up for 
vitamin B12 and treat them.
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