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ABSTRACT This study aimed to estimate the status of serum vitamin B12 level in patients attending 
Jordan University Hospital in Amman, and to examine the relationship with demographic data, chronic 
illness, dietary habits, haematological parameters and symptoms related to vitamin B12 levels. A total 
of 838 patients completed a questionnaire and gave blood samples; 44.6% were vitamin B12 deficient 
(< 180 pg/mL) and 34.2% had hypovitaminosis (180–300 pg/mL). Vitamin B12 deficiency was associ-
ated with memory impairment, low meat intake and strict vegetarian (vegan) diets. The high frequency 
of low vitamin B12 warrants the development of a strategy to correct this problem in Jordan.
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Fréquence élevée de faibles taux de vitamine B
12

 sériques chez les patients de l’hôpital 

universitaire de Jordanie

RÉSUMÉ Cette étude visait à estimer les taux de vitamine B12 sériques chez les patients de l’hôpital 
universitaire de Jordanie à Amman, et à examiner la relation avec les données démographiques, les 
maladies chroniques, les habitudes alimentaires, les paramètres hématologiques et les symptômes  
liés à ces taux. Au total, 838 patients ont rempli un questionnaire et ont été soumis à une prise de sang ; 
44,6 % présentaient une déficience en vitamine B12 (< 180 pg/mL) et 34,2 % une hypovitaminose 
(180-300 pg/mL). La déficience en vitamine B12 était associée à des troubles de la mémoire, de faibles 
apports carnés et un régime végétarien strict (végétalien). La fréquence élevée de faibles taux de 
vitamine B12 justifie l’élaboration d’une stratégie visant à corriger ce problème en Jordanie.

B بين المرضى في مستشفى الجامعة الأردنية 
12

ل المستويات المنخفضة للفيتامين  ارتفاع معدَّ
فريهان فخري البرغوثي، نضال عبد الرؤوف يونس، لانا جليل هلسه، تانيا تركي سعيد، صبا محمد غريز

الجامعة  مستشفى  في  المرضى   ￯لد المصل  في   B12 فيتامين  مستويات  وضع  لتقدير  الدراسة  هذه  تهدف  الخلاصـة: 
الغذائية  والعادات  المزمنة  والأمراض  الديموغرافية  المعطيات  وبين  بينهم  العلاقة  دراسة  مع  ن،  عماَّ في  الأردنية 
الاستمارات  استكملوا  مريضاً   838 بين  فمن   .B12 الفيتامين  بمستويات  قة  المتعلِّ والأعراض  الدموية  والمتثابتات 
 ￯(أقل من 180 بيكوغرام/ميلي لتـر)، ولد B12 44.6% منهم عوز في فيتامين ￯وأعطوا عينات من دمائهم كان لد
ز الفيتامين B12 مع اختلال  وَ 34.2% منهم نقص في الفيتامينات (180 – 300 بيكو غرام/ميلي لتـر). وقد تـرافق عَ

 B12 فيتامين ￯ل المرتفع لنقص مستو الذاكرة، وانخفاض في تناول اللحم واتباع نظام غذائي نباتي صارم. وإن المعدَّ
يتطلَّب إعداد استـراتيجية لتصحيح هذه المشكلة في الأردن.
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Introduction

Vitamin B12 is an essential vitamin derived 
from food of animal origin. The recom-
mended average daily intake for adults is 
2–4 μg [1]. The liver is the largest reservoir 
for B12 in the body; it stores up to 3 mg, 
which is sufficient for several years before 
the neurological and haematological seque-
lae of deficiency become evident [2]. B12 de-
ficiency is a common but under-recognized 
disorder with a prevalence of 3%–40% in 
the adult population [3–7]. There is, how-
ever, considerable debate concerning the 
definition of the lower limits of vitamin B12 
levels in healthy adults [8,9].

Prevention of micronutrient deficiency 
enhances human development and econom-
ic wellbeing. The rate of anaemia among 
women of childbearing age in Jordan is 32% 
and the rate among children is 20% accord-
ing to the results of a joint study conducted 
by the Jordanian Ministry of Health, United 
Nations Children’s Fund (UNICEF) and the 
World Health Organization (WHO). 

The study highlights the importance of 
regular monitoring of micronutrient status 
in young children (< 5 years) and women of 
childbearing age (15–49 years) in Jordan. 
UNICEF and WHO embarked on a flour 
fortification campaign in 2002. As a result, 
bread has been fortified with iron and other 
micronutrients such as vitamin A. 

We aimed to estimate serum vitamin 
B12 levels in patients attending clinics at 
Jordan University Hospital in Amman, and 
to examine any relationship between demo-
graphic data, chronic illness, dietary habits, 
haematological parameters and symptoms 
related to B12 levels.

Methods

All patients presenting to the family medi-
cine clinic and the diabetic foot clinic at 

Jordan University Hospital from October 
2005 to January 2006 were evaluated for 
vitamin B12 deficiency. Attendees at family 
medicine clinics are mostly healthy adults 
coming for minor ailments, acute problems 
or administrative reasons; a few have chron-
ic illness. Patients attending the diabetic 
foot clinic are by definition suffering from 
a chronic illness. The 2 groups were chosen 
to ensure representation of both healthy and 
ill adults.

A total of 838 adults aged 18–78 years 
were included in the study (18 years was the 
cut-off). All persons attending the 2 clinics 
were offered the chance to be included in 
the study. Exclusion criteria were pregnant 
females, patients currently on vitamin B12 
or any other multivitamin supplements and 
those on anticonvulsant drugs. Informed 
consent was obtained from each participant 
and the study was approved by the scientific 
research committee at the Faculty of Medi-
cine, University of Jordan. 

The data collected included age, sex, 
presence of any chronic illness and dietary 
habits. Chronic illness was defined as any 
disease lasting more than 3 months, such as 
diabetes mellitus, hypertension, coronary 
artery disease, hyperlipidaemia and peptic 
ulcer disease, confirmed by a review of 
medical records and medication intake. 

Dietary habits were assessed by asking 
respondents to state quantity and frequency 
for consumption of: meat and chicken (1 
serving = 70 g), eggs (1 serving = 1 egg) 
and dairy products (1 serving = 8 oz or 1 
cup of milk or yogurt or 35 g white cheese), 
and whether they were strict vegetarians 
(i.e. vegan, eating a diet of exclusively 
vegetable origin). 

Participants were also asked if they suf-
fered from tiredness, fatigue, numbness or 
paraesthesias, impaired memory, irritability 
or depression to assess symptoms of pos-
sible B12 deficiency.
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Fasting blood samples were collected 
from each patient for the measurement of 
haemoglobin level (normal: females 14 
± 2 g/dL, males 16 ± 2 g/dL; low: females 
< 12 g/dL, males < 14 g/dL), ferritin level 
(normal: females 14–150 μg/L, males 17–
230 ug/L), folic acid level (normal: > 2.5 
ng/mL), mean corpuscular volume (high: 
> 100 fL, normal: 80–100 fL, low: < 80 
fL) and peripheral blood smear (normal; 
hypochromic; hypersegmented).

Serum vitamin B12 level was measured 
by chemiluminescent microparticle im-
munoassay (Abbot Laboratories, Illinois, 
United States of America). The range of the 
assay is 180–1162 pg/mL. Using the refer-
ence range provided by the manufacturer, 
participants were divided into 3 groups ac-
cording to B12 level: normal (> 300 pg/mL), 
hypovitaminosis (180–300 pg/mL), vitamin 
B12 deficiency (< 180 pg/mL). 

The data were analysed using SPSS, 
version 11.0 for Windows. Cross-tabulation 
and chi-squared tests were used to evaluate 
the variables that can influence vitamin 
B12 level or predict the presence of B12 
deficiency. Statistical significance was set 
at P < 0.05.

Results

The results were based on analysis of 838 
patients—280 (33.4%) males and 558 
(66.6%) females—seen at the family medi-
cine and diabetic foot clinics at Jordan 
University Hospital. The number of women 
was greater than men as they attend facili-
ties more often than men as patients and as 
the companions of patients. 

Table 1 shows the demographic features 
in relation to serum levels of vitamin B12. 
Deficiency (< 180 pg/mL) was detected in 
374 patients (44.6%). The frequency of B12 
deficiency was 51.8% among the age group 
18–24 years and was higher in men (52.1%) 
than in women (41.0%) (P < 0.001). B12 hy-
povitaminosis (180–300 pg/mL) was seen 
in 287 patients (34.2%), more in women 
(36.0%) than in men (30.4%). 

There was no significant association 
between serum level of vitamin B12 and the 
clinical signs of B12 deficiency (fatigue, 
numbness), except for memory impairment, 
which was found in significantly more pa-
tients with B12 deficiency than other patients 
(P < 0.05) (Table 2). More patients with 
normal ferritin level were found to be B12 

Table 1 Serum vitamin B
12

 levels according to age and sex

Variable Total Normal B
12

B
12

 hypovitaminosis B
12

 deficiency P-value

No. No. % No. % No. %

Age (years) 
18–24 195 26 13.3 68 34.9 101 51.8 0.001
25–39 213 41 19.2 82 38.5 91 42.7
40–54 250 57 22.8 75 30.0 119 47.6
55–64 114 34 29.8 33 28.9 47 41.2
> 64 54 17 31.5 24 44.4 13 24.1
Missing 12 – – – – – –

Sex
Female 558 128 22.9 201 36.0 229 41.0 0.008
Male 280 49 17.5 85 30.4 146 52.1

Total 838 177 21.1 287 34.2 374 44.6
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deficient than those with low ferritin level 
(Table 3). There was no statistically signifi-
cant relationship between serum levels of 
folic acid and B12 levels.

No significant association was found 
between vitamin B12 level and hyperten-
sion, coronary artery disease or peptic ulcer 
disease (Table 4). Patients with diabetes and 
hyperlipidaemia had significantly higher B12 
levels than nondiabetic patients or patients 
with normal lipid profile (P < 0.01 and P 
< 0.05, respectively). 

Low meat intake and strict vegetarian 
diets were associated with B12 deficiency 
(P < 0.05) (Table 5). Patients who ate meat 
less than twice per month were more likely 
to have vitamin B12 deficiency (56.4%) than 
those who ate meat daily (43.3%).

Discussion

Severe B12 deficiency (< 180 pg/mL) re-
sulting in neurological and haematologi-
cal manifestations is comparatively rare, 
especially in developed countries such as 
the United States of America and European 
countries [10,11]. However, suboptimal se-
rum levels of vitamin B12 (hypovitaminosis) 
are common and the prevalence is rising 

among lactovegetarians and patients older 
than 60 years [12]. In North America the de-
ficiency is particularly observed in elderly, 
institutionalized patients [10,13].

The frequency of vitamin B12 deficiency 
in this study was 44.6%. This is similar to 
a previous report from north Jordan on 216 
healthy individuals by Fora and Moham-
mad where a suboptimal (< 222 pg/mL) 
serum level of B12 was observed in 48.1% 
of patients [14], and also similar to reports 
from Israel by Masalha et al. (49%) and 
Gielchinsky et al. (31%) [15,16]. Similar re-
ports of high prevalence in this region came 
from Turkey (46.8%) [17] and the Islamic 
Republic of Iran (26.7%) [18]. These are 
higher than the reported global prevalence, 
which ranges from 3% to 40% of the adult 
population [3–7]. Some evidence suggests 
that this variation is mainly related to eth-
nic variations, dietary habits, geographi-
cal variation and intestinal malabsorption 
problems, or to different cut-off values for 
serum vitamin B12 level in the definition of 
deficiency [17,18].

Most reported studies have shown a 
gradual rise in the incidence of vitamin B12 
deficiency with age. In our study, the high-
est frequency of deficiency was observed in 

Table 2 Symptoms related to vitamin B
12

 deficiency and serum vitamin B
12

 levels 

Variable Total

(n = 838)

Normal B
12

(n = 177)

B
12

 hypovitaminosis

(n = 287)

B
12

 deficiency

(n = 374)

P-value

No. No. % No. % No. %

Fatigue
Yes 306 76 24.8 108 35.3 122 39.9 0.05
No 532 101 19.0 179 33.6 252 47.4

Numbness
Yes 307 71 23.1 99 32.2 137 44.6 0.47
No 531 106 20.0 188 35.4 237 44.6

Memory 
impairment

Yes 235 61 26.0 66 28.1 108 46.0 0.02
No 603 116 19.2 221 36.7 266 44.1
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the age group 18–24 years (51.8%), while 
B12 hypovitaminosis was mostly observed 
in patients aged > 64 years (44.4%). These 
results were based only on B12 levels, with-
out measuring methylmalonic acid and/or 
homocysteine, which was a limitation to 
this study.

We also noted that men had lower levels 
of vitamin B12 compared to women. The 
same result has been noted in other studies 
[14,18].

Our study demonstrated a negative cor-
relation between diabetes and vitamin B12 
deficiency (P < 0.01) and between hyper-
lipidaemia and B12 deficiency (P < 0.04). 
Diabetic patients and patients with hyper-

lipidaemia were less likely to have B12 
deficiency. 

Similar to the results reported by Fora 
and Mohammad from northern Jordan [14], 
the values of several haematological param-
eters were normal in most patients and there 
were no obvious clinical manifestations of 
vitamin B12 deficiency in this study. This 
could be explained by a mild and early form 
of B12 deficiency according to Herbert’s 
classification [19].

Mild memory impairment was the only 
clinical manifestation correlated with vita-
min B12 deficiency (P < 0.02). Reports of 
mental disturbances are frequent and are 

Table 3 Haematological parameters and serum vitamin B
12

 levels

Variable Total

(n = 838)

Normal B
12

(n = 177)

B
12

 

hypovitaminosis

(n = 287)

B
12

 deficiency

(n = 374)

P-value

No. No. % No. % No. %

Haemoglobin levela

Low 33 10 30.3 8 24.2 15 45.2 0.30
Normal 805 167 20.7 279 34.7 359 44.6

Folic acid levelb

Low 10 3 30.0 4 40.0 3 30.0 0.62
Normal 827 174 21.0 283 34.2 371 44.8

Ferritin levelc

Low 233 42 18.0 95 40.8 96 41.2 0.04
Normal 605 135 22.3 192 31.7 278 46.0

Mean corpuscular 
volumed 

High 4 0 0.0 0 0.0 4 100.0 0.20
Normal 666 137 20.6 229 34.4 300 45.0
Low 168 40 23.8 58 34.5 70 41.7

Peripheral blood 
smear

Normal 672 136 20.2 231 34.4 305 45.4 0.07
Hypochromic 94 30 31.9 29 30.9 35 37.2
Hypersegmented 72 11 15.3 27 37.5 34 47.2

aNormal: females 14 ± 2 g/dL, males 16 ± 2 g/dL; low: females < 12 g/dL, males < 14 g/dL.
bNormal: > 2.5 ng/mL.
cNormal: females 14–150 μg/L, males 17–230 μg/L.
dHigh: > 100 fL; normal: 80–100 fL; low: < 80 fL.
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sometimes the only neurological manifesta-
tions of vitamin B12 deficiency [1,2,20–22].

We observed a 56.4% rate of vitamin B12 
deficiency among patients getting less than 
2 servings of meat per month compared 
with 43.3% in those who ate meat on a daily 
basis. This measure relied only on patients’ 
estimates of the amount eaten, which is a 
limitation of the study, although we tried to 
minimize this by cross-referencing the serv-
ings they reported to culturally-determined 
servings in order to validate the amount of 
meat consumed. The validity and reliability 
of respondents’ reporting has always been 
questioned. It is surprising that 43.3% of 
those who ate meat daily had vitamin B12 
values < 180 pg/mL; this may be related 
to absorption problems, which needs fur-
ther evaluation. In this study, vitamin B12 
deficiency was also noted among 62.3% of 
strict vegetarians compared with 43.4% of 

nonvegetarians, suggesting that nutritional 
deficiency is an important cause of low 
serum levels of vitamin B12.

The only current mass public health 
control and prevention of micronutrient 
deficiencies in Jordan depends on iron and 
vitamin A fortification of bread, in addition 
to dispensing multivitamin and mineral tab-
lets weekly to students at public elementary 
schools.

This study looked at a sample drawn 
from attendees at 1 hospital in the capital 
city, so the results cannot be generalized to 
Jordan as a whole. However, the results may 
have important public health consequences 
and warrant further research in collabora-
tion with the Jordanian Ministry of Health 
and WHO to evaluate B12 status in Jordan as 
a whole and to develop a strategy to correct 
this problem if similar results are found at a 
national level.

Table 4 Presence of chronic diseases and serum vitamin B
12

 levels

Variable Total

(n = 838)

Normal B
12

(n = 177)

B
12

 

hypovitaminosis

(n = 287)

B
12

 deficiency

(n = 374)

P-value

No. No. % No. % No. %

Diabetes mellitus
Yes 95 31 32.6 30 31.6 34 35.8 0.01
No 743 146 19.7 257 34.6 340 45.8

Hypertension
Yes 157 43 27.4 51 32.5 63 40.1 0.10
No 681 134 19.7 236 34.7 311 45.7

Coronary artery 
disease

Yes 35 12 34.3 11 31.4 12 34.3 0.14
No 803 165 20.5 276 34.4 362 45.1

Hyperlipidaemia
Yes 93 28 30.1 33 35.5 32 34.4 0.04
No 745 149 20.0 254 34.1 342 45.9

Peptic ulcer 
disease

Yes 39 14 35.9 13 33.3 12 30.8 0.05
No 799 163 20.4 274 34.3 362 45.3
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Table 5 Food consumption and serum vitamin B
12

 levels 

Variable Total

(n = 838)

Normal B
12

(n = 177)

B
12

 

hypovitaminosis

(n = 287)

B
12 

deficiency

(n = 374)

P-value

No. No. % No. % No. %

Meata

Daily 67 15 22.4 23 34.3 29 43.3 0.02
1–3 times/week 608 137 22.5 218 35.9 253 41.6
< 2 times/month 163 25 15.3 46 28.2 92 56.4

Chickena

Daily 79 19 24.1 25 31.6 35 44.3 0.44
1–3 times/week 681 143 21.0 241 35.4 297 43.6
< 2 times/month 78 15 19.2 21 26.9 42 53.8

Eggsb

Daily 98 27 27.6 30 30.6 41 41.8 0.20
1–3 times/week 472 105 22.2 158 33.5 209 44.3
4+ times/week 268 45 16.8 99 36.9 124 46.3

Dairy products
Daily 443 97 21.9 151 34.1 195 44.0 0.92
1–3 times/week 237 50 21.1 83 35.0 104 43.9
< 2 times/month 158 30 19.0 53 33.5 75 47.5

Strict vegetarian
No 785 166 21.1 278 35.4 341 43.4 0.01
Yes 53 11 20.8 9 17.0 33 62.3

a1 serving = approximately 70 g.
b1 serving = 1 egg.

Acknowledgements

This work was supported by the Faculty 
of Medicine, University of Jordan. We 

would like to thank Professor Musleh S. 
Tarawneh, the director of laboratories at 
Jordan University Hospital, and Miss Sana 
Ramadan for her help with the statistics.

References

1. Oh R, Brown DL. Vitamin B12 deficien-
cy. American family physician, 2003, 
67(5):979–86.

2. Lindenbaum J et al. Neuropsychiatric dis-
orders caused by cobalamin deficiency in 
the absence of anemia or macrocytosis. 
New England journal of medicine, 1988, 
318(26):1720–8.

3. Carmel R. Current concepts in cobalamin 
deficiency. Annual review of medicine, 
2000, 51:357–75.

4. Baik HW, Russell RM. Vitamin B12 defi-
ciency in the elderly. Annual review of 
nutrition, 1999, 19:357–77.

5. Figlin E et al. High prevalence of vitamin 
B12 and folic acid deficiency in elderly sub-
jects in Israel. British journal of haematol-
ogy, 2003, 123(4):696–701.

6. Stabler SP, Allen RH. Vitamin B12 defi-
ciency as a worldwide problem. Annul 
review of nutrition, 2004, 24:299–326.



860 La Revue de Santé de la Méditerranée orientale, Vol. 15, N° 4, 2009

المجلة الصحية لشرق المتوسط، منظمة الصحة العالمية، المجلد الخامس عشر، العدد ٤، ٢٠٠٩ 

7. Allen LH. Folate and vitamin B12 status 
in the Americas. Nutrition reviews, 2004, 
62(6 Pt 2):S29–33.

8. Snow CF. Laboratory diagnosis of vitamin 
B12 and folate deficiency: a guide for the 
primary care physician. Archives of inter-
nal medicine, 1999, 159(12):1289–98.

9. Wright JD et al. Blood folate and vitamin 
B12: United States, 1988–94. Vital and 
health statistics. Series 11, Data from 
the national health survey, 1998, Dec.
(243):1–78.

10. Lindenbaum J et al. Prevalence of cobala-
min deficiency in the Framingham elderly 
population. American journal of clinical 
nutrition, 1994, 60:2–11.

11. De Carvalho MJ et al. Vitamin status of 
healthy subjects in Burgundy (France). 
Annals of nutrition and metabolism, 1996, 
40(1):24–51.

12. Refsum H et al. Hyperhomocysteinemia 
and elevated methylmalonic acid indicate 
a high prevalence of cobalamin deficiency 
in Asian Indians. American journal of clini-
cal nutrition, 2001, 74(2):233–41.

13. Dharmarajan TS et al. Vitamin B12 sta-
tus in hospitalized elderly from nursing 
homes and the community. Journal of the 
American Medical Directors Association, 
2000, 1:21–4.

14. Fora MA, Mohammad MA. High frequen-
cy of suboptimal serum vitamin B12 level 
in adults in Jordan. Saudi medical journal, 
2005, 26(10):1591–5.

15. Masalha R et al. Symptomatic dietary 
vitamin B12 deficiency in a nonvegetarian 
population. American journal of medicine, 
2002, 112(5):413–6.

16. Gielchinsky Y et al. High prevalence of 
low serum vitamin B12 in a multi-ethnic 
Israeli population. British journal of hae-
matology, 2001, 115(3):707–9.

17. Gümürdülü Y et al. Predictors of vitamin 
B12 deficiency: age and Helicobacter py-
lori load of antral mucosa. Turkish journal 
of gastroenterology, 2003, 14(1):44–9.

18. Fakhrzadeh H et al. Total plasma homo-
cysteine, folate, and vitamin B12 status in 
healthy Iranian adults: the Tehran homo-
cysteine survey (2003–2004): a cross-
sectional population based study. BMC 
public health, 2006, 6:29.

19. Herbert V. Nutrition science as a continu-
ally unfolding story: the folate vitamin B12 
paradigm. American journal of clinical 
nutrition, 1987, 46:387–402.

20. Miller HL, Golden RN, Evan DL. Mental 
dysfunction and cobalamine deficien-
cy. Archives of internal medicine, 1990, 
150:910–1.

21. Baily LB et al. Vitamin B12 status of elderly 
persons from urban low income house-
hold. Journal of the American Geriatric 
Society, 1980, 28(6):276–8.

22. Healton EB et al. Neurologic aspect of co-
balamin deficiency. Medicine (Baltimore), 
1991, 70:229–45.


