
 

 

 

Does the intake of Vitamin B12 in community-

dwelling elderly vary by socio-economic 

status? 

An article-based master thesis 

By: Dominik Pascal Beaunée 
  
 

Supervisor: Cecilie Dahl, PhD 
 

Master’s programme 

Thesis submitted as a part of the Master of Philosophy Degree in 

International Community Health 

 

Institute of Health and Society 
Faculty of Medicine 

Department of Community Medicine and Global Health 
 
 

February 2022 

 



 ii 

Abstract 
Background: Previous studies have found that low socioeconomic status populations, 

especially older adults, are at higher risk of not meeting the Dietary Reference Intake for 

vitamin B12. Vitamin B12 malnutrition in older adults is associated with severe neurological 

complications if not diagnosed early. There is shortage of research on vitamin B12 deficiency 

in the elderly due to malnutrition, particularly regarding community-dwelling adults. 

 

Objectives: to study whether the intake of vitamin B12 differed among community-dwelling 

older adults according to education level as a proxy for socioeconomic status; to investigate 

whether the level of education is associated with dietary vitamin B12 intake; and to determine 

whether the association between the level of education and vitamin B12 intake differ by age 

and sex. 

The main aim of the systematic review is to summarize the current evidence whether the 

vitamin B12 intake (including supplements) in community-dwelling older adults varies by 

socioeconomic factors (i.e., education level and income). The systematic review can be found 

in Appendix I. 

 

Methodology: The study employed a cross-sectional design of the dietary habits of elderly 

people over 60 who live in their own homes and spent time in selected senior centers in Oslo. 

The dietary habits were collected through a standardized food frequency questionnaire (FFQ). 

T-test for independent samples, Fisher's exact test for categorical data and linear regression 

model (simple regression, multiple linear regression, and stratified analysis) were used to 

analyze the data. 

 

Results: Recommended dietary intake for vitamin B12 was met in both, low and high 

educational groups. No significant association was found between vitamin B12 and education 

level among older adults (p> 0.05). Direction and strength of beta in the regression analysis 

indicated a tendency towards a positive association of education and higher vitamin B12 

intake. 

 

Conclusion: The studies examined and included in the systematic review found that both 

education and income were positively associated with vitamin B12 intake in community-

dwelling older people. This tendency was also observed in the present quantitative study. The 

number of participants in future studies should be promoted to increase the power regarding 

differences across educational groups. 
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Chapter One: Introduction 
This thesis consists of two parts:  

1) A systematic review summarizing the differences in vitamin B12 intake in relation 

to socio-economic status (SES) among community-dwelling elderly aged 60 years 

and over. Results from the systematic review briefly summarized in chapter 

“Causes of vitamin B12 deficiency in older adults”, which is found at the end of 

the introduction chapter. The full systematic review is attached as Appendix I.  

2) A quantitative analysis on whether the intake of vitamin B12 differed among 

community-dwelling older adults in Oslo according to education level, which is 

summarized in the chapters of this thesis 

 

According to the World Health Organization (WHO) and Statistics Norway, the share 

of people over 65 in the population will increase significantly in the future (1, 2). Twenty 

percent of Norwegians will be over 70 years old in 2060, compared with 12 percent today, 

according to Statistics Norway (2). Meanwhile, the number of people over 80 will triple and 

those over 90 will quadruple (2).  

With advancing age, frailty and physical limitations often increase, as well as 

concomitant diseases. These circumstances can negatively affect nutritional status, leading to 

inadequate food intake and potentially malnutrition (3). Although energy requirements often 

decrease with age because of reduced muscle mass and low physical activity, the need for 

vitamins and minerals may increase as a result of reduced absorption capacity, for example, 

due to the use of medications (1). 

Malnutrition, particularly in the elderly, is known to be the underlying factor for many 

diseases and poor health outcomes (4). While there are sufficient studies on malnutrition in 

elderly whose health has led to assisted living, there is a lack of evidence among older people 

who are healthy enough to live independently in their own homes (3).  

Furthermore, several studies have identified a correlation between low socioeconomic 

status and lower intakes of various micronutrients (5-7). The U.S. National Health and 

Nutrition Examination Survey (NHANES) found that low socioeconomic status populations 

are at higher risk of not meeting the Dietary Reference Intake (DRI) for several nutrients, 

including vitamin B12 (8). 

Vitamin B12 must be supplied through the diet because it is synthesized exclusively 

by microorganisms in the gut of animals (9-11). For humans, animal products such as meat, 

fish, eggs, and dairy products are the only sources of vitamin B12 (12). 
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According to National Institute of Health (NIH) of the U.S. Department of Health and 

Human Services (2020), nutritional deficiencies are listed as one of the most common causes 

of vitamin B12 deficiency in the population. It has been found that low educational level and 

income are associated with malnutrition and poor quality nutrition in older adults (13-16). 

Especially, older adults with low socioeconomic status (SES) may have a lower intake of 

micronutrients in comparison to older adults with higher SES (16). 

1.1 Literature Review 

1.1.1 Nutrition in older age 
The nutritional requirements of older adults are similar to those of younger people. Older 

adults usually need fewer calories as the energy requirement decreases due to reduced muscle 

mass and lower physical activity. However, the need for most of the micronutrients remains 

unchanged or can even increase e.g. due to intake of medications (17, 18). 

High quality nutrition is a key element to promote health-related quality of life in the 

elderly as nutrition-related health conditions like diabetes increase with age  (19, 20). 

Nutrition is influenced by a highly individual constellation of physiological, psychological, 

economic, and social changes in older age which can lead to insufficient food intake and 

possibly to malnutrition (3, 19, 21). Those changes can include chewing or swallowing 

problems, lower appetite, a lower income in older age and the home life situation e.g. living 

independently (22). According to Hickson, the prevalence rate for malnutrition in hospitalized 

elderly rises by 29-61% compared to the general population (11-44%) (23). 

 

1.1.2 Dietary surveys in older adults 
Malnutrition among older hospitalized adults and older adults living in assisted living 

centers has been well-studied; however, there is a lack of knowledge on the nutritional status 

of community-dwelling older adults, who live independently in their own homes (3). Physical 

and mental limitations of older adults can adversely affect the ability to recall and accurately 

record dietary intake (24). In this context older adults may be incapable to participate in the 

studies and thus introducing selection bias or underreport intake due to cognitive decline (24). 

Dietary assessment methods should be adapted based on the target population and the 

purpose of the study (25, 26). Food frequency questionnaire (FFQ) are the most used dietary 

assessment method in studies, as they are low-priced and can be carried out with many 

participants simultaneously. On the other hand, for a 24-hour dietary recall interviews must be 

conducted with each participant. Both FFQs and 24-hour recall are objective methods and 

largely depend on the participants memory (27). 
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FFQs or 24-hour dietary recalls might be the best technique for older people who are 

capable to memorize and respond correctly. To reduce the burden for compromised elderly 

adapted techniques, e.g. objective observation by trained Staff, might be the better approach  

(25). The main challenges according to de Vries, de Groot and van Staveren are to identify 

compromised older community-dwelling adults, the financial burden, and additional work 

required for observational studies at the participants household (25). 

 

1.1.3 Intake and function of Vitamin B12  
Smith et al. stated that the effect of vitamin B12 was discovered in 1926 (28). They 

explained that the compound was first discovered as a nutrient, or extrinsic factor by Minot, 

Murphy and as well by Whipple's research efforts. Minot and Murphy discovered that 

pernicious anaemia in the human body can be treated or cured by a diet rich in animal liver 

(29, 30). The term vitamin B12 is summarised by Green as a generic term for the various 

compounds with the same chemical backbone, the so-called cobalamins (11). With this, 

Green specifies the definition of vitamin B12 as a special form of the cobalamins, i. e. as 

cyanocobalamin (11). 

The Panel on Dietetic Products, Nutrients and Allergies of the European Food Safety 

Authority (EFSA) identifies two biochemical reactions in which cobalamin is required as a 

coenzyme in the human body (31). According to EFSA, vitamin B12 (cobalamin) is essential 

for methyl group transfer and is thus required by the human organism for Deoxyribonucleic 

Acid (DNA) synthesis through interaction with folic acid (31). Human cells are unable to 

divide without sufficient DNA production (31). Consequently, no new cells can form. 

Clinically, this manifests mainly as anaemia (31).  

There is no universal definition upon on understanding of vitamin B12 deficiency. Shipton 

& Thachil define a deficiency by a serum concentration of less than 148 pmol/l, while the 

Institute of Medicine (IoM) defines a level below 120-180 pmol/l as the diagnostic criterion 

for vitamin B12 deficiency (32, 33). The controversy over the critical level at which vitamin 

B12 is too low can lead to confusion among health professionals and the public and/or 

patients. A definite diagnosis is more difficult to make. According to Miller et al. the second 

essential role of cobalamin is as a coenzyme in the formation of fatty acids, which are 

essential for the lipids in myelin (34). Hence, cobalamin is also involved in the maturation 

and regeneration of neurons. In addition, Brito et al. in their study that the transmission of 

nerve signals was improved in individuals with higher levels of cobalamin compared to those 

with lower levels (35). 
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1.1.4 Dietary sources and recommended intake of vitamin B12 
Cobalamin, or vitamin B12, is synthesised exclusively by microorganisms in the gut of 

animals and must be supplied through the diet (9-11). The only source of cobalamin for 

humans are animal products ( e.g. meat, fish, eggs and dairy products) (12, 36). The 

absorption of vitamin B12 by humans requires a protein, the intrinsic factor, produced by 

specific cells of the stomach. Therefore failure of the absorption process is a common cause 

leading to vitamin B12 deficiency and can lead to pernicious anaemia (11). Parallel to active 

absorption, passive absorption of free vitamin B12 occurs by diffusion in the duodenum. This 

is proportional to the amount of vitamin B12 present (37). 

Ströhle, Richter, González-Gross, Neuhäuser-Berthold, Wagner, Leschik Bonnet & 

Egert report that in 2018 a cross-national collaboration of Germany, Austria and Switzerland 

(D-A-CH) increased the recommendation for vitamin B12 intake for adults in these countries 

from 3.0 to 4.0 µg per day (38). Several studies on the biomarker vitamin B12 status were the 

basis for this. Furthermore, Ströhle et al. describe that the recommended values vary 

internationally and are cause for discussion among scientists (38). 

In the current report, four different health institutions/organizations are tabulated 

(table 1) and compared with the respective daily food intake recommendations regarding 

vitamin B12. The Food and Agriculture Organization of the United Nations (FAO) and the 

IoM recommend a minimum intake of vitamin B12 of 2.4 µg per day for adults over the age 

of 19 (33, 39).  The EFSA suggests a daily intake of 4.0 µg of the vitamin for adults aged 18 

and over (31). The Nordic Council of Ministers (NCM), including Norway, recommends half 

of this amount, 2.0µg per day (40). These different recommendations could lead to people 

being unclear about whether they are consuming the correct amount or not. 
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Table 1: Reference values for the intake of vitamin B12 from different nutrition societies  

 World Health 

Organisation 

(WHO), Food 

and 

Agricultural 

Organisation 

of the United 

Nations 

(FAO)(39) 

European Food 

Safety 

Authority 

(EFSA)(31) 

Institute of 

Medicine 

(IoM)(33) 

Nordic Council 

of Ministers 

(NCM) (40) 

Adults Adults ≥ 19 

years 

Adults ≥ 18 

years 

Adults ≥ 19 

years 

Adults ≥ 18 

years 

 RNI1 vitamin 

B12= 2.4 µg 

d−1 

AI2 vitamin 

B12= 4.0 µg 

d−1 

RDA3 vitamin 

B12= 2.4 µg 

d−1 

RI4 vitamin 

B12= 2.0 µg 

d−1 

 Based on the 

amount of 

vitamin B12 to 

maintain the 

body's store 

Based on an 

adequate 

biomarker status 

of vitamin B12 

in healthy 

people 

Based on the 

determination of 

the amount of 

vitamin B12 

needed for 

maintenance of 

an adequate 

erythropoiesis 

Based on the 

determination of 

the amount of 

vitamin B12 

needed for 

maintenance of 

an adequate 

erythropoiesis 

(adapted from Ströhle, A et al., 2019 (38))  

Notes: Abbreviations: 1 RNI, recommended nutrient intake; 2 AI, adequate intake; 3 RDA, 

Recommended daily allowance; 4 RI, reference intake 

 

1.1.5 Symptoms of Vitamin B12 deficiency 
Vitamin B12 deficiency can lead to a variety of non-specific symptoms with limited 

diagnostic value. Clinical signs at an earlier stage may be weakness, fatigue and weight loss 

(41, 42).  
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 Clarke et al. reports that vitamin B12 deficiency develops over several years (43). 

Shipton and Thachil  mention that the human body stores large amounts of vitamin B12, 

especially in the liver, which is why it can take up to 10 years for the deficiency to manifest 

clinically (32). The authors also emphasise that the deficiency can lead to severe irreversible 

complications if it is not diagnosed early.   

 According to Herrmann & Obeid the best-known and also latest indicator of vitamin 

B12 deficiency is megaloblastic anaemia (44). The anaemia caused by vitamin B12 may be 

masked by a simultaneous iron intake and mistaken for a folate deficiency (45). Reynolds 

describes the risk of neurological complications due to an additional intake of folic acid in 

case of existing vitamin B12 deficiency by masking the anaemia (46). Consequently, the IoM 

has recommended that daily folic acid supplementation should not exceed 1000 µg (33).  

A report published by Schneede and Ueland states that the neurological symptoms of 

vitamin B12 deficiency include: peripheral neuropathy, confusion, dementia and depression 

(42).  

 

1.1.6 Causes of vitamin B12 deficiency 
 Herrmann & Obeid distinguish what they consider to be the significant causes of 

vitamin B12 deficiency into two categories (45). The authors classify the causes in inherited 

disorders (table 2) and in acquired causes during life (table 3) (45). 
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Table 2: Hereditary disorders of cobalamin absorption, transport, metabolism or 

utilization  

Defect Affected enzyme or 

step 

Metabolic 

abnormalities 

Therapeutic 

strategies 

Congenital 

pernicious anemia 

(Intrinsic factor 

deficiency) 

Cobalamin 

absorption 

↑HCY1, ↑MMA2 

 

Cobalamin + 

intrinsic factor 

Imerslund-Gräsbeck 

syndrome 

Selective cobalamin 

malabsorption 

Proteinurea, 

↑HCY1, ↑MMA2 

Cobalamin injection 

Transcobalamin II 

deficiency  

Defective transport 

of cobalamin into the 

blood stream and 

into the cells 

↑HCY1, ↑MMA2 High doses of 

systemic cobalamin 

Methylmalonic 

aciduria 

Methylmalonyl CoA 

mutase deficiency 

(mut0, mut) 

↑MMA2, acidosis Protein restriction 

(limiting the amino 

acids that use the 

propionate pathway) 

Cbl3 A and Cbl3 B 

diseases 

Failure to synthesize 

adenosylcobalamin  

↑MMA2 Cobalamin injection 

Cbl3 E and Cbl3 G 

diseases 

Failure to synthesize 

methylcobalamin 

↑tHcy4, ↓methionine Cobalamin injection 

+ Betaine 

Cbl3 C and Cbl3 D 

diseases 

Failure to synthesize 

adenosylcobalamin 

and 

methylcobalamin 

↑MMA2, ↑tHcy4 Cobalamin injection 

+ Betaine 

Cbl3 F disease Failure to release 

cobalamin from the 

lysosome 

↑MMA2, ↑tHcy4 Cobalamin injections 

(adapted from Herrmann & Obeid, 2012 p. 305 (45)) 
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Notes: Abbreviations: 1HCY, homocysteine; 2MMA, methylmalonic acid; 3Cbl, cobalamin; 

4tHcy, total homocysteine,  

Table 3: Acquired causes of cobalamin deficiency  

Disease or condition Mechanism 

Restricted intake Vegetarians, children of vegetarian mothers, 

poverty, malnutrition, anorexia nervosa 

Increased demands Bleeding, pregnancy, lactation 

Medications 

   Anti H2 receptor 

   Proton pump inhibitors 

   Oral contraceptives 

Changing gastrointestinal potential of 

Hydrogen (pH), interaction with vitamin 

absorption or metabolism 

Pernicious anemia (type A atrophic gastritis) Anti-intrinsic factor (IF) antibodies 

Antiparital cell antibodies Lack of IF 

Type B atrophic gastritis (H. Pylori) Changing gastrointestinal pH 

Other gastrointestinal morbidities 

   Terminal ileal diseases 

   Pancreatic insufficiency 

   Ileal or gastric resection 

   Celiac disease, tropical spree 

Colitis ulcerosa, Morbus Crohn 

Interact with the vitamin absorption 

(adapted from Herrmann & Obeid, 2012, p. 307(45)) 

 The NIH lists pernicious anaemia, postoperative malabsorption, and dietary deficiency 

as the most common causes of vitamin B12 deficiency in the general population (47). 

Diagnosis of vitamin B12 deficiency 
 Vitamin B12 deficiency is one of the suspects, along with folic acid deficiency, when 

a routine blood count shows an increased mean corpuscular volume (MCV). This reflects the 

crucial importance of vitamin B12 for cell proliferation and maturation, so that a deficiency 

leads to larger than average erythrocytes (48). Herrmann & Obeid point out that studies have 

shown that development of neurological disorders without macrocytosis of erythrocytes has 
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been frequently observed (45). An increased MCV value is therefore not a reliable indication 

for the diagnosis of cobalamin deficiency (45). 

 Usually, the diagnosis is confirmed by the total amount of vitamin B12 or cobalamin 

fractions (such as holo-transcobalamin) in the serum blood (49). The authors also report that 

measurements of the vitamin B12 metabolites methylmalonic acid (MMA) and homocysteine 

have been shown to be more reliable for diagnosis. Briani et al. consider an increase in both 

MMA and homocysteine levels to be a reliable early marker of cobalamin deficiency, even in 

the presence of normal vitamin B12 concentrations and absence of haematological anomalies 

(50). 

 Aslinia & Mazza & Yale, report that both vitamin B12 and folate are required for the 

conversion of homocysteine to methionine. Only vitamin B12 is required for the metabolism 

of MMA (48). These metabolites therefore are an important factor in distinguishing between 

folate and vitamin B12 deficiency. However, the serum vitamin B12 test remains the standard 

initial diagnostic test because it is cost-effective and widely available. The feasibility of 

sample preparation for homocysteine and the high cost of the MMA test have prevented its 

widespread use (51).   

 Schneede & Ueland suggest different diagnostic strategies depending on clinical 

symptoms, patient group and cost of the diagnostic marker (42). They also emphasize that 

vitamin B12 supplementation should be started immediately when the patient shows typical 

clinical signs, as the costs are low and vitamin B12 has practically no adverse effects. 

 

1.1.7 Vitamin B12 deficiency in older adults 
 In a population-based cross-sectional analysis of 3511 elderly in the United Kingdom 

it was found that 5% of the 65–74 years old and 10% of people aged 75 years or greater are 

vitamin B12 deficient (52). Herrmann & Obeid report that the prevalence of functional 

vitamin B12 deficiency in people older than 65 is between 10 and 30%, whereas the 

prevalence in younger people is between 5 and 7% (44).  The authors suspect that due to the 

low recommended dietary intake (RDI) of 2,4 µg /day for vitamin B12 in the elderly, dietary 

insufficiency could be underestimated (44).  

 A follow-up study by Conzade et al. based on the Cooperative Health Research in the 

Region of Augsburg -Age study (KORA) concluded that the prevalence for vitamin B12 

deficiency is 27.3% among older adults, aged 65 to 93 (53). Very old persons (age group 85-

93) showed a significant higher prevalence of 37.6%. For the follow-up study, a health 

questionnaire was sent to all eligible participants of the KORA-Age cohort (n = 9197), i.e. 

those who were still alive and reachable in 2008/2009. Finally, the data of 1079 persons (537 
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men, 542 women) were evaluated (53). The method description of the study did not indicate 

whether the residential situation of the participants was taken into account when selecting 

them. 

 According to a study by Loikas et al., no specific risk group among the elderly was 

identified (54). Consequently, the authors recommend routine screening for the population 

aged 75 years and older in view of the high prevalence in this age group. Schneede & Ueland 

support this approach, as symptoms such as cognitive impairment or fatigue are wrongly 

attributed to the normal ageing process (42). In this context, Herrmann and Obeid also 

recommend a regular routine examination every 2-3 years (44). They also emphasize that the 

first clinical signs of B12 deficiency are non-specific. Due to the lack of randomised 

controlled studies, they recommend both diagnostic and therapeutic measures (44).  

 Cheng et al. conducted an intervention study with 104 participants aged 55 to 94 years 

(mean age 73.6 years) with high homocysteine levels (55). They excluded participants with 

pre-existing conditions that affect homocysteine levels and cognitive function, as well as 

participants who had previously taken B vitamins. To assess participants' cognitive abilities, 

basic cognitive aptitude tests (BCATs) were conducted. Participants were either assigned to 

the intervention group or the placebo group. The intervention group received daily oral 

supplementation of folate, vitamin B6 and vitamin B12 for 14 weeks. After 14 weeks, the 

intervention group showed a decrease in homocysteine levels and a significant increase in 

BCAT total score, while the control group showed no significant changes. This study suggests 

that people with elevated homocysteine levels could improve their cognitive function by 

supplementing folate, vitamin B6 and vitamin B12.  

However, it is not clear from the study whether the observed improvement was due to 

the combination of the three B vitamins or whether one of the B vitamins contributed to the 

improvement. 

 

1.1.8 Causes of vitamin B12 deficiency in older adults 
 The authors Hermann & Obeid state that the deficiency in the elderly is not mainly 

due to dietary causes, but for example to malabsorption (44). Malabsorption from food due to 

atrophic gastritis and insufficient production of gastric juice (40-70% of cases) is the most 

common cause of vitamin B12 deficiency in older adults (56, 57). The release of dietary 

vitamin B12 from its binding to dietary proteins requires pepsin and an acidic pH (56). The 

reason for this insufficient acid production is mainly due to inflammatory processes in the 

gastric mucosa, which develop mainly as a consequence of atrophic gastritis type B with 

under- and over-acidity and a reduced production of intrinsic factors (58). 
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 Brouwer-Brolsma, Dhonukshe-Rutten, van Wijngaarden, Zwaluw, Velde & de Groot 

conducted a cross-sectional study using baseline data from the B-PROOF study, a 

randomised, placebo-controlled, double-blind intervention trial (59). In this study, the 

correlation between dietary sources of vitamin B12 and vitamin B12 blood levels in 600 

Dutch people aged 65 years and older was investigated. It was found that a high intake of 

dairy products and meat contributed most to higher vitamin B12 concentrations in the blood. 

 According to Andrès et al., pernicious anaemia is the second most common cause 

(15%-20%) after malabsorption (>60%) of vitamin B12 deficiency in older adults (37). 

Pernicious anaemia is an autoimmune disease that destroys the parietal cells of the stomach, 

resulting in a lack of intrinsic factor, which is necessary for the absorption of vitamin B12.   

Nutritional deficiency of vitamin B12 in elderly can result from physiological changes e.g., 

problems in swallowing meat due to the loss of teeth. According to a study performed by 

Oliveira Martinho, Araújo Tinôco1 and Queiroz Ribeiro1 the reduced ingestion of red meat is 

the main cause for a dietary vitamin B12 deficiency, followed by a reduced appetite and lower 

dairy intake due to lactose intolerance (60). Taking medications such as omeprazole and 

metformin, as well as gastric surgery, can also result in reduced vitamin B12 absorption (50). 

A cross-sectional study of Japanese patients with type 2 diabetes was conducted by 

Sugawara et al. to investigate the effects of metformin use on vitamin B12 status (61). To this 

end, the authors compared the concentration of homocysteine, vitamin B12, haemoglobin 

concentration and MCV of subjects treated with metformin (n=122) and an untreated control 

group (n=63). They concluded the risk of vitamin B12 deficiency with metformin treatment is 

generally low in the Japanese population, including those aged 70 years and older.   

 Nevertheless, there is evidence that higher doses of metformin may correlate 

significantly with serum levels of homocysteine and vitamin B12. The maximum daily dose 

of metformin in Japan as well as the relatively low sample size were mentioned as 

weaknesses of the present study. However, the mean duration of metformin use (6.6 years) 

investigated in this study showed no effect on vitamin B12 or homocysteine related to 

duration of use. Several previous studies have shown, in contrast to the Japanese study, that 

treatment with metformin was associated with a decrease in vitamin B12 blood levels (62, 

63). 

 Furthermore, previous studies have found an association between low socio-economic 

status and lower intakes of various micronutrients ((5, 7, 64). The NHANES from 2003 to 

2016 found that low socioeconomic status populations are at higher risk of not meeting the 

DRI for several nutrients, including vitamin B12 (65). 
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Education appears to be a particularly important factor associated with nutrient intake 

as shown in a cross-sectional analysis in France with more than 90,000 participants. The study 

concluded that education is positively associated with high nutrient intake (66). 

Especially, older adults with low SES may have a lower intake of micronutrients (16).  

As part of this master thesis, a systematic review on the association between SES and B12 

intake in community-dwelling older adults was conducted (Appendix I). 

A total of seven studies with data from all together 10,251 participants were included 

in the systematic review. The present quantitative study was included in the systematic 

review. A positive association between estimated vitamin B12 intake and SES was observed 

in six studies. Only the quantitative study reported no association. Six out of seven studies 

assessed B12 intake levels according to education. Of those, five studies found an association 

between high and middle income and a high vitamin B12 intake. Five studies also included 

participants with different level of income. Four studies concluded that low income was 

associated with a low vitamin B12 intake. No consistent results could be found as to which 

SES indicators had a greater influence on the vitamin B12 intake in older adults. More details 

can be found in Appendix I. 

1.2 Rationale of the Study  
 The increased aging of society is accompanied by a growing need to remain healthy in 

old age. Nutrition is an essential part of this and an important element for a better quality of 

life. The quality of the diet is defined as a varied and balanced diet that provides an adequate 

intake of nutrients needed for growth, physical activity and a healthy life (26).  

Vitamin B12 malnutrition in older adults can result in non-specific symptoms like fatigue, as 

well as in a wide range of severe hematologic and neurological complications if not diagnosed 

early (32).  

The adequate intake of nutrients can be influenced by both age and SES. The two factors age 

and SES paired together can increase the risk of micronutrient malnutrition, also called hidden 

hunger. This is defined by individuals with adequate energy intake and a normal or even high 

BMI, but insufficient intake of vitamins and minerals. Hidden hunger may be common in 

older people with low SES (16). 

In addition, it is noticeable that many studies on the topic of vitamin B12 deficiency in 

older people aged 65 years and older lack adequate statistical power. There is shortage of 

research on vitamin B12 deficiency in the elderly due to malnutrition, particularly regarding 

community dwelling adults. 
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 The systematic review conducted as part of this master thesis clearly showed that the 

association between age and/or SES to vitamin B12 deficiency is not widely researched; only 

six studies were found to fulfill the predefined criteria for inclusion (Appendix I). Due to 

limited information on the topic, we used already collected data from a dietary survey 

performed at senior centers in Oslo in analyzing the association between education level and 

B12 intake in community-dwelling older adults. This master thesis focuses on this 

quantitative analysis, whereas more details on the systematic review can be found in 

Appendix I, which is ready to be submitted.  
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1.3 Objectives 
 

1.3.1 Main aim of the systematic review 
The main aim is to summarize the current evidence whether the Vitamin B12 intake 

(including supplements) in community-dwelling older adults varies by socioeconomic factors 

(i.e. education level and income) by conducting a systematic review. The systematic review 

can be found in Appendix I. 

 

1.3.2 Main aim of the study 
The main aim of the study was to study whether the intake of vitamin B12 differed 

among community-dwelling older adults according to education level as a proxy for 

socioeconomic status. 

1.3.3 Objectives of the study 
a) Evaluation of collected information from FFQ to assess vitamin B12 intake from 

diet in older adults. 

b) To investigate whether the level of education is associated with dietary vitamin 

B12 intake. 

c) To determine whether the association between the level of education and vitamin 

B12 intake differ by age and sex. 
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Chapter Two: Methodology 

2.1 Study Population and Design  
The present study is a cross-sectional study conducted between November 2019 and 

January 2020. The author of the present thesis was not involved in the data collection. The 

data were collected by two former master's students, two researchers (one of them 

nutritionists) and a retired nurse. The author of this thesis used the secondary data, and 

received the results of the FFQ in two separate datasets (with and without dietary 

supplements) included in the statistical software, SPSS. 

The study focuses on elderly people over 65 who live in their own homes as part of the 

study “Study of nutritional intake in community-dwelling older adults in Oslo”. The 

recruitment of the participants took place in five senior centers in Oslo: Grønland 

flerkulterelle seniorsenter, Ensjøtunet, Sagene eldersenter, Stovner eldersenter and Vindern 

eldersenter bo og aktivitethus. These senior centers are a low-threshold, open social offers for 

elderly people living at home. The centers offer various social services, such as a café, food 

supply, pedicure, and hairdresser, but leisure time activities are also part of the services. 

These include play and exercise programmes, courses, and lectures. The centers were selected 

to represent different districts of Oslo. 

 In cooperation with the social workers, nutritional pedagogues and the managers of the 

centres, the visitors (potential participants) were contacted and informed about the purpose of 

the study, how they could participate in the study (including the formalities and conditions) 

and what the results would be used for. Participation was voluntary, and participants were 

aided in completing the questionnaires if necessary. 

 During the data collection, the designed questionnaire was challenging and exhausting 

for many participants of the defined target group as the questionnaire was rather long to 

complete. During the study the age limit was lowered to 60 years to be able to include more 

participants. It can be summarized that the inclusion criterion consisted of older adults visiting 

senior centers in Oslo who volunteered to participate in the study. The exclusion criterion 

were persons living in an assisted nursing facility, and those that felt they were unable to 

complete the questionnaires even with assistance. 

The study employed a cross-sectional design of the dietary habits of adults over 65 

years of age (adjusted during data collection to 60 years of age) who spent time in selected 

senior centers in Oslo but lived in their own homes. The dietary habits were collected through 

a nutritional questionnaire, a standardized FFQ. Each of the senior centers received a gift 
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voucher for 1000 Norwegian kroner as compensation, and information on study results were 

communicated back to participants.  

 

2.1.1 Sample size 
 The calculation of the sample size depends on the research question. For the present 

research project, the question aimed to calculate the proportion below the recommended 

dietary intake of vitamin B12 with reasonable accuracy. Therefore, the sample size formula 

according to Pourhoseingholi, Vahedi and Rahimzadeh for a proportion was considered the 

most appropriate (67).  

This formula is as follows: 

    

 

 Here "n" indicates the sample size that is to be found out with the formula. “Z” is the 

corresponding confidence interval (Here the value of 95% is most often taken by researchers). 

"P" is the estimated prevalence; this should be based on previous studies. The estimation is a 

difficult task, but an important factor to calculate an adequate sample size. P also has a 

significant impact on the variable "d", the precision. For “d”, there are not yet sufficient 

guidelines for its exact determination. However, several authors recommend that 5% should 

be selected for "d" if the prevalence of the disease relevant to the research was between 10% 

and 90% in previous studies (67). 

 As the literature review revealed, the prevalence in previous studies of vitamin B12 

deficiency in the elderly over 65 years of age is between 10% and 45%. Following 

Pourhoseingholi, Vahedi & Rahimzadeh based on the prevalence (more than 10%), a 

precision value of d=5% is assumed. Using P=10% and P=45% for the prevalence, the 

following calculation, with a confidence interval of 95%, results (67): 

  

𝑛 =
1.962𝑥 0.10 𝑥 0.9

0.05²
= 138 

 

𝑛 =  
1.962𝑥 0.45 𝑥 0.9

0.05²
= 622 

 

This means that a minimum sample size between n=138 (for 10%) and n=622 (for 

45%) should have been used for the research project.  

𝑛 =
𝑧2 × 𝑝 × (1 − 𝑝)

𝑑²
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The accuracy of the results is (co-)determined by the correctly chosen size of the 

sample. The higher the sample, the higher the power. The influence of randomness and the 

scatter of the results decrease. In effect modification, the strength of the effect of a variable 

change when one or more additional variables are added. The strength of the association 

between an exposure and an outcome changes depending on one or more exposures. (68). 

To estimate the effect size of the association between education level and intake of 

vitamin B12, the Biomath website (69) was used based on the already collected number of 

101 participant. The effect size was 1.1 in both the group with food supplements and without.  

The higher the assumed effect, i.e., the further away the alternative hypothesis is from 

the null effect, the higher the power. For example, the probability of overlooking an existing 

effect with an odds ratio of 1.2 is greater than overlooking an effect with an odds ratio of 2.5 

(68). 

 

2.2 Data collection and analyses 
Data on the dietary habits of the study participants were collected via a validated FFQ 

that has been used in many previous surveys (e.g. the Tromsø study)(70). Questionnaires can 

be found in Appendix II. This included questions about the intake of certain foods and 

beverages that are common in Norway. The FFQ is intended to ensure the correct average 

recording of the reported food intake and to correctly include the daily variations into this 

average. The frequencies are given as a daily, weekly, or monthly mean. For each question, 

never/rarely is also available as a choice. To indicate the quantity truthfully, the participants 

were shown pictures with the respective portion sizes. In addition, the questionnaire also 

covers the intake of both the type and quantity of food supplements. A free text field was 

available to add foods that were not asked for in the questionnaire. Age, sex, self-reported 

height and weight were also inquired. 

 In an additional questionnaire further background information of the participants was 

inquired (education level, family status, smoker status, self-reported health status, medication, 

special diet, migration background) (Appendix III).  

This survey was estimated to take approximately 30-40 minutes to complete. There 

was also the possibility to receive assistance in filling out the forms, either from the staff at 

the senior center or from the survey staff and volunteers. If the participants wished, they were 

also allowed to take the questionnaires home and submit them at a later date, including the 

consent form for participation. 
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2.2.1 Data analysis and storage 
 The nutritional intake in the participants were calculated at the Department of 

Nutrition at the University of Oslo using the KBS nutrition calculation system. The system 

calculates the values of energy, nutrients, different vitamins and proteins ingested through 

food, beverages and food supplements. Intakes were reported with and without supplements 

included in the calculations, generating two sets of data for each person. The values were 

given on the appropriate scale of the individual nutrients (e.g., the additional questionnaire 

was entered into SPSS (version 26) by a project member (a former master student)). All data 

were stored in Tienester for Sensitive Data at the University of Oslo (TSD), a two-factor 

authenticated platform for sensitive data storage. 

To visualise potential biases in the analysis and avoid them in the conclusion due to 

different variables, a causal diagram was created using the browser-based directed acyclic 

graph of exposure-outcome correlations (DAG). Education was the exposure and vitamin B12 

intake the outcome factor. The following diagram illustrates the causal diagram created. 

Figure 1: Directed Acyclic Graph of the hypothesized-outcome relations 

 

To estimate the total effect, it was necessary to adjust the analyses by the potentially 

biasing variables age and sex. In total, the following three variables were relevant for the 

analysis and answering of the research question: 
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Table 4: Description of the relevant variables 

Variable Scale 

Education Categorical (two groups, low and high) 

Sex Categorical (male and female) 

Age Continuous and Age groups (≤80 and >80) 

 

 

2.3 Statistical Analysis 
 The demographic characteristics were listed in a descriptive table. For the continuous 

variables, age, Body-Mass-Index (BMI), kilojoules a day (KJ/d), the mean (standard 

deviation, SD) were calculated. The categorical variables, sex, smoking status, living with 

partner, living children nearby, own health, medication use, special diet, stomach &/or 

intestinal disease & surgery were reported in proportions. To assess the differences between 

the means for the continuous variables, the t-test for independent samples was used. For 

categorical variables, the Fisher exact test was used. Two sets of data were used in the dietary 

analysis: calculated intake without supplements, and calculated intake with supplements. 

 An independent samples t-test was used to test whether there was a significant 

difference between the mean values of the data sets of Vitamin B12 intake without 

supplements and Vitamin B12 intake with supplements. Furthermore, the calculation was 

intended to reveal potential differences within the data sets mentioned using the variables 

education, age, and sex. Education was originally divided into seven groups and was reduced 

to two groups for this thesis: high: >12 years of education and low: ≤12 years of education. 

Two categorical groups were formed from the continuous variable age: ≤80 years and >80 

years. The sex groups were taken identically from the actual study, into female and male. 

Simple regression was used to study the association between education level and 

dietary vitamin B12 intake without and with supplements included. Multiple linear regression 

was used to study the association between education and B12 intake after controlling for the 

influence of sex and age. The analysis (education-B12 association) was also stratified on sex 

and age to study differences within the groups. Statistical assumptions were checked, and one 

outlier removed in a sensitivity analysis.  SPSS Statistics software version 27 was used for 

analysis and the significance level was set at 0.05, where p < 0.05 indicate statistical 

significance. 
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2.4 Ethical Considerations 
 The project has been approved by the Norwegian Centre for Research Data "Norsk 

senter for forskningsdata" (NSD). The letter of approval is attached as Appendix VI.  

Participation in the study was on a voluntary basis and it was possible to withdraw from the 

study at any time. The participants were informed in advance in written form about 

participation in the study. Before the start of the data collection, the participants signed an 

informed consent form (Appendix IV). 

 Strict data protection measures have been adopted and implemented. The FFQs were 

provided with anonymous serial numbers, so that traceability to the person is not possible. 

The data were entered, stored, and analysed in TSD. TSD meets all requirements of 

Norwegian law regarding safe handling and storing of sensitive data. 
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Chapter Three: Results 
Table 5: Demographic characteristics of older adults in senior centers by education 

Characteristics Lower Education Higher Education Total 

Age, mean years, (sd) 76.2 (5.456) 78.2 (7.9) 77.8 (7.0) 

BMI, mean, (sd) 26.7 (5.57) 24.6 (3.9) 25.3 (4.5) 

KJ/d mean (sd) 8069 (3177) 7871 (2137)  

Sex, n (%)    

              Female 25 (69.4) 44 (63.8) 69 (69.7) 

              Male 8 (22.2) 22 (31.9) 30 (30.3) 

Smoking    

              No, never 21 (61.8) 31 (48.4) 52 (53) 

              Yes, earlier 9 (26.5) 32 (50) 41 (41.8) 

              Yes, currently 4 (11.8) 1 (1.6) 5 (5.1) 

Living with partner    

              No 24 (70.6) 38 (59.4) 62 (64.5) 

              Yes 10 (29.4) 24 (37.5) 34 (35.4) 

Living children nearby    

              No 12 (35.3) 15 (23.4) 27 (28.4) 

              Yes 22 (64.7) 46 (71.9) 68 (71.5) 

Own health    

              Bad 4 (11.8) 2 (3.1) 6 (6.1) 

              Not so good 9 (26.5) 15 (23.4) 24 (24.4) 

              Good 16 (47.1) 34 (53.1)       50 (51) 

              Very good 5 (14.7) 13 (20.3) 18 (18.3) 

Medicine use    

              None 5 (14.7) 11 (17.2) 16 (16.3) 

              1-3 16 (47.1) 36 (56.8) 52 (53) 

              4 or more 13 (38.2) 17 (26.6) 30 (30.6) 

Special diet    

              No 28 (82.4) 53 (82.8) 81 (88) 

              Yes 6 (17.6) 5 (7.8) 11 (11.9) 

Stomach &/or intestinal 

disease & surgery 

   

              No 32 (94.1) 57 (89.1) 89 (96.7) 

              Yes 2 (5.9) 1 (1.6) 3 (3.2) 
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3.1 Descriptive characteristics of the sample population 
Table five illustrates the frequency distribution of sex (male or female) and descriptive 

analysis of age variables. Among the total number of participants (101), there were a greater 

number of female participants (69) than male participants (30). Two participants did not 

provide information on sex within the education groups. In addition, the mean age of the 

participants who have lower education is 76.2 years with a standard deviation of 5.5, which is 

lower than the participants who have higher education with a mean of 78.2 years, and a 

standard deviation of 7.9. The mean BMI of participants with lower education was 2.1 kg/m² 

higher than that of participants with higher education. The energy intake per day (KJ/d) was 

198 higher in the group of lower educational level than in the group of higher educational 

level, 8069 KJ/d to 7871 KJ/d. The number of non-smokers and those who have never 

smoked is 53% overall, 5% currently smoke and 41% used to smoke but have since quit. The 

number of those who have smoked ever or are currently smokers was higher in the group of 

the higher educated: 32 participants compared to the participants with a lower level of 

education with 13 participants. Among participants with low education there was a higher 

percentage of current smokers: 4% versus 1% in the higher education group. On the family 

and domestic situation, the survey revealed that 35.4% of the participants live with a partner, 

which was lower than the participants who did not live with a partner 64.5%. In the group of 

higher educated participants, the number of those who live with their partner is 25% in 

relation to the total number of participants, which is about 15% higher than in the group of 

participants with a lower level of education, where the percentage was 10% of the total 

number of participants across the education categories. 

 

3.2 Sensitivity analysis: Removing outliers 
 

Table 6: Test of Normality before outliers were removed 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

B12-intake without 

supplements 

.127 99 .000 .858 99 .000 

B12-intake with 

supplements 

.432 102 .000 .115 102 .000 

*. This is a lower bound of the estimated significance. 

a. Lilliefors Significance Correction 
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The results of the two normality tests, the Kolmogorov-Smirnov test and the Shapiro-

Wilk test, are shown in the table 6 "Normality tests before outliers were removed". The 

variables "B12 intake without supplements" and "B12 intake with supplements" were not 

normally distributed. If the "sig." value of the Shapiro-Wilk test and the Kolmogorov-

Smirnov test is greater than 0.05, the data are normally distributed. If it is less than 0.05, the 

data are not normally distributed. If it is less than 0.05, the data deviate significantly from a 

normal distribution (71).  

In the Kolmogorov-Smirnov test and the Shapiro-Wilk test, the sig values were 

smaller than 0.05, so that these two variables were not normally distributed. Visual inspection 

of the histogram was not bell-shaped, also confirming that the two variables were not 

normally distributed. Finally, by examining the boxplots of these two variables, one can see 

that the data set contains one extreme value or outlier. Therefore, the outlier needed to be 

removed to determine whether the variables are normally distributed or not. The plots are 

included at the end of this subsection to allow comparison before and after the removal of the 

extreme outliers. 

After removing the outliers and conducting a normality test again, the results shown in the 

tables below were found: 

 

 

Table 7: Test of Normality after outliers were removed 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

B12-intake without 

supplements 

.092 92 .053 .975 92 .069 

B12-intake with supplements .078 95 .195 .975 95 .066 

*. This is a lower bound of the estimated significance. 

a. Lilliefors Significance Correction 

 

From table 7 above, the variables "B12 intake without supplements" and "B12 intake 

with supplements" are normally distributed after removing the outlier. If the significance 

value (sig.) of the Shapiro-Wilk test and the Kolmogorov-Smirnov test is greater than 0.05, 

the data are normally distributed. If it is less than 0.05, the data deviate significantly from a 

normal distribution (71). As for the Kolmogorov-Smirnov test and the Shapiro-Wilk test, our 

sig values are greater than 0.05, so these two variables are normally distributed. Visual 
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inspection of the histogram also confirms that the histograms are bell-shaped. Finally, from 

the boxplots of these two variables, there are no more extreme values or outliers in the data 

set. In a sensitivity analysis, one extreme outlier was removed. The following plots show first 

the data before the outliers were removed and then the data after the outliers were removed. 
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Figure 2: Histogram of Vitamin b12 intake without supplements before removing 

outliers 

   

 

Figure 3: Histogram of Vitamin b12 intake without supplements after removing outliers 

 

  



  34 

Figure 4: Normal Q-Q Plot of Vitamin b12 intake without supplements before removing 

outliers 

 

 

Figure 5: Normal Q-Q Plot of Vitamin b12 intake without supplements after removing 

outliers 
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Figure 6: Histogram of Vitamin b12 intake with supplements before removing outliers 

 

 

Figure 7: Histogram of Vitamin b12 intake with supplements after removing outliers 
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Figure 8: Normal Q-Q Plot of Vitamin b12 intake with supplements before removing 

outliers 

 
 

 

Figure 9: Normal Q-Q Plot of Vitamin b12 intake with supplements after removing 

outliers 
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3.3 Result on Vitamin b12 intake in older adults 
An independent samples t-test was used to check whether there was a significant 

difference between the mean values of the data sets of Vitamin B12 intake without 

supplements and vitamin B12 intake with supplements. The first assumption for the 

independent sample t-test is the scales of the variables used should be continuous or 

ordinal/nominal. The scale used for sex, education, and age are nominal/ordinal variables and 

the scale for B12 intake without supplements and B12 intake with supplements are 

continuous. 

Conducted a normality test prior, the histogram showed the distribution of B12 intake 

with supplements and without supplements are bell-shaped - normal distribution. B12 intake 

was calculated without supplements and with supplements. Since the mean intake for B12 

without and with supplements were similar to the median intakes, only the means are 

presented.  

Here from Table 6, it can be observed that the total mean of B12 intake without and 

with supplements were 6.38 μg/d (±2.51) and 6.77 μg/d (±2.51) respectively. Therefore, mean 

intakes were greater for B12 intake with supplements than B12 intake without supplements, 

with the same standard deviation. 

In Table 1, B12 intake with and without supplements are presented based on education 

level (high and low), age level (≤80 and >80), and sex group (male and female). 

Table 8: Mean vitamin B12 intake from diet without and with supplements by sample 

characteristics in older adults in senior centers in Oslo 

 

Variables 

B12 intake without 

supplements 

    

Variables 

 

B12 intake with supplements 

Mean, 𝜇g/d (sd) p-value Mean, 𝜇g/d (sd) p-value 

Education   

.855 

Education   

           Lower  6.43 (2.71)            Lower  6.72 (2.78)  

.932            Higher 6.32 (2.56)            Higher 6.77 (2.39) 

           Total 6.38 (2.51)            Total 6.77 (2.51) 

Age   

.113 

Age   

.088            ≤80 6.69 (2.70)            ≤80 7.09 (2.63) 

           >80 5.79 (2.29)            >80 6.18 (2.21) 

Sex   

.813 

Sex   

.857           Male 6.39 (2.34)           Male 6.60 (2.18) 

          Female 6.25 (2.67)           Female 6.71 (2.59) 
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From the overall analysis, the p-value indicates there is no statistically significant 

difference in B12 intake with supplements with education, age, and sex levels, where p-values 

were .855, .113, and .813 respectively. For B12 intake without supplements, there are also no 

statistically significant p-values. That means the difference between B12 intake without 

supplements with education level (high and low), age level (≤80 and >80), and sex group 

(male and female) were not statistically significant. 

 

Figure 10: Scatter Plot of B12-intake without supplements by level of education 

 

In this scatterplot of vitamin B12 intake without supplements based on the education 

level of the participants in the study, it is apparent that two participants were below the 

recommended daily level of 2 µg for Norway. 
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Figure 11: Scatter Plot of B12-intake with supplements by level of education 

 

In this scatterplot of vitamin B12 intake with food supplements based on the education 

level of the participants in the study, one participant is below the recommended daily value of 

2 micrograms for Norway. 
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Figure 12: Scatter Plot of B12-intake with supplements by B12-intake without 

supplements 

 

 

 From that scatter plot observe that there is a very strong positive relationship between 

vitamin B12 intake with supplements and vitamin B12 intake without supplements. That 

means if the vitamin B12 intake with supplements increase then the vitamin B12 intake 

without supplements will also increase and vice-versa, i.e., participants with a high intake 

from diet also have a high intake when including supplements. 
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3.4 Regression analysis 

3.4.1 Results on association between education level and older adults (simple linear 
regression) and adjusted for age and sex (multiple linear regression) 
 

Table 9: Vitamin B12 intake and education unadjusted and adjusted for age and sex 

 Vitamin b12 intake without 
supplements 

Vitamin b12 intake with supplements 

 Β*1 95% CI  
Lower 
Bound* 

95% 
Upper 
Bound 

Sig. β 95% CI 
Lower 
Bound 

95% 
Upper 
Bound 

Sig. 

EducationA -,107 -1,262 1,049 ,855 ,048 -1,059 1,154 ,932 

EducationB 0,005 -1,173 1,183 ,993 ,205 -,925 1,334 ,720 

*The 95% confidence interval (CI) selects, with a probability of 95%, the true (but unknown) value in the 

population from which the sample originates (population). With a probability of 5%, the true value lies 

outside this range (68) 

*1 The beta coefficient is partial and describes the strength of a correlation, adjusted for the influences of 

other factors. Beta coefficients are regression coefficients standardized to the respective value range and 

indicate the importance of the included independent variables (71) 

A= Unadjusted 

B= Adjusted for age and sex 

 

Simple regression was used to study the association between education level 

(low=reference) and vitamin B12 intake where education recording a beta value (beta = -.107, 

p > .05). When going from a low to a high level of education the B12 intake without 

supplements was reduced by -0.1 µg/day. The p-value was >0.05, which means education was 

not a statistically significant association with vitamin B12 intake without supplements.  When 

adjusting for age and sex (Multiple linear regression) an increase in education level was 

associated with an increase of .005 µg/day in B12 intake. 

Where education recording a beta value (beta = .048, p > .05). When going from a low 

to a high level of education the B12 intake with supplements was increased by 0.048 µg/day. 

The p-value was >0.05, which means education was not a statistically significant association 

with vitamin b12 intake with supplements. When adjusting for age and sex (Multiple linear 

regression) an increase in education level was associated with an increase of .205 µg/day in   

B12 intake. 
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3.4.2 Results on association between education level and older adults, stratified on age and 
sex 
 

Table 10: Vitamin B12 intake and education stratified on age and sex 

 Without Supplements With Supplements 

Age n β 95% CI 

Lower 

Bound* 

95% 

CI 

Upper 

Bound 

β 95% 

CI 

Lower 

Bound 

95% 

CI 

Upper 

Bound 

≤80 61 -.20 -1.67 1.27 .12 -1.29 1.54 

>80 34 .67 -1.38 2.72 .46 -1.48 2.39 

Sex 

Male 27 .90 -1.23 3.04 1.00 -1.00 3.00 

Female 68 -.50 -1.92 .91 -.28 -1.64 1.08 

*The 95% confidence interval (CI) selects, with a probability of 95%, the true (but unknown) value in the 

population from which the sample originates (population). With a probability of 5%, the true value lies outside 

this range (68) 

*1 The beta coefficient is partial and describes the strength of a correlation, adjusted for the influences of other 

factors. Beta coefficients are regression coefficients standardized to the respective value range and indicate the 

importance of the included independent variables (71) 

 

A stratification was conducted i.e. a separate analysis of the education-B12 intake 

association for the individual subgroups of age and sex to study whether there was an effect 

modification by age and sex. The stratification by age showed that in the age group ≤80 the 

daily vitamin B12 intake without supplements decreases by .20 µg/day (beta = -.20; 95% CI -

1.67/ 1.27) when going from low to high education. i.e. a negative association between 

education and vitamin B12 intake. The association was in the opposite direction in the age 

group ≤80 with supplements. Here the daily vitamin B12 intake increases by .12 µg/day (beta 

= .12; 95% CI -1.29/1.54) (table 10) 

Furthermore, in the age group >80 the daily vitamin B12 intake without supplements 

increases by .67 µg/day (beta = .67; 95% CI -1.38/ 2.72), i.e. an positive association between 

education and B12 intake. The association was in the same direction in the age group >80 

with supplements. Here the daily vitamin B12 intake increases by .46 µg/day (beta = .46; 95% 

CI -1.48/ 2.39) (table 10)  

The stratification by sex showed that in the male group the daily vitamin B12 intake 

without supplements increases by .90 µg/day (beta = .90; 95% CI -1.23/3.04), i.e., a positive 
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association between education and vitamin B12 intake. The association was in the same 

direction in the male group with supplements. Here the daily vitamin B12 intake increases by 

1 µg/day (beta= 1; 95% CI -1/3)   

In the female group without supplements, however, the daily vitamin B12 intake 

decreased by .5 µg/day (beta: -.5; CI -1.92/.91). The association was in the same direction in 

the female group with supplements. Here the daily vitamin B12 intake decreases by .28 

µg/day (beta = -.28; 95% CI -1.64/ 1.08 (table 10). 
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Chapter Four: Discussion 
 The present study focuses on describing vitamin B12 intake in relation to educational 

level among community-dwelling older adults in Oslo. Dietary intake both with and without 

supplements is considered. The average vitamin B12 intake met the official 

recommendations, in the group with as well as in the group without supplements. In both 

groups, the intake decreased slightly with age. This study indicated that the education level 

has no statistical significance on the intake of vitamin B12 in older adults, but the same 

tendency could be seen towards a positive association of vitamin B12 intake and high 

education.  

 

4.1 Vitamin B12 Intake 
 In the study, the mean vitamin B12 intake of the participants was above the 

recommended daily intake by the NCM, both in the group without supplements and with 

supplements. However, the mean value decreased with increasing age, but not below the 

recommended daily value. In the group without food supplements, two participants did not 

reach the recommended daily intake of vitamin B12, in the group with food supplements one 

person did not. 

 Malnutrition in older people is known to be a cause of many diseases and poor health 

outcomes (4). While energy requirements often decrease in old age due to reduced muscle 

mass and low physical activity, the need for vitamins and minerals remains unchanged. 

Indeed, the demand may even increase if the absorption capacity is reduced, e.g. due to the 

intake of medication (18).  

In recent years, the health of older people has improved. Nevertheless, frailty and 

physical limitations, together with comorbidities, often increase with age (72). These 

circumstances may negatively affect nutritional status, leading to inadequate food intake and 

possibly malnutrition (3).  

Vitamin B12 is one micronutrient that is essential for maintaining health and must be 

supplied through the diet.  Only microorganisms in the gut synthesize vitamin B12 (9, 11, 73), 

and the only sources of vitamin B12 for humans are animal products such as meat, fish and 

dairy products (12). 

 Vitamin B12 deficiency can lead to a wide range of non-specific symptoms with low 

diagnostic value. At an earlier stage, clinical signs can present as weakness, fatigue and 

weight loss (41, 42). In a study performed by Loikas et al., no specific risk group among 

elderly could be identified (54). The authors, therefore, recommend routine screening for the 
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population aged 75 and upwards in view of the high prevalence in this age group. Schneede & 

Ueland support this approach as symptoms like cognitive impairment or fatigue are further 

erroneously attributed to the normal aging process (42).   

 As previously mentioned, the human body is able to store vitamin B12 for several 

years and it can take up to 10 years before a B12 deficiency manifests itself (32, 74). This 

means that it is possible that a deficiency can manifest insidiously while dietary habits remain 

unchanged. For example, due to undiagnosed diseases that hinder and/or prevent the new 

intake of vitamin B12.  

For the present study, this means that in the case of vitamin B12, a blood test would be 

appropriate in addition to the FFQ to detect a deficiency caused by the factors mentioned. The 

overall prevalence of vitamin B12 deficiency in this age group ranged from 2.5% to 30% in 

the studies for the systematic review (Appendix I). In the present study, the proportion of 

those who do not consume the recommended daily amount is 0.9% in both the supplement 

and non-supplement groups. 

 

4.2 Vitamin B12 intake and education 
  The daily intake of vitamin B12 without supplements is slightly higher in the lower 

education group than in the higher education group [6.43 µg/d (lower education); 6.32 µg/d 

(higher education)]. The average daily intake of vitamin B12 with supplements is slightly 

higher in the higher education group than in the lower education group [6.72 µg/d (lower 

education); 6.77 µg/d (higher education)].  

4.2.1 Comparison with the nationwide Norkost study 
This finding is in line with the results of a nationwide dietary study performed 

between 2010 and 2011 that was also conducted in Norway (Norkost 3)(75). It showed that 

among the 1,787 participants aged 18 to 70 years, people with a higher level of education 

consumed a healthier diet than people with a lower level of education. However, no 

significant difference in vitamin B12 intake was found between the different levels of 

education (75). The Norkost 3 study was not included in the systematic review as it lacks 

information on vitamin B12 intake in older adults in connection to their education. 

4.2.2 Comparison with studies included in the systematic review (Appendix I) 
In the systematic review conducted as part of this thesis, we included six out of seven 

studies, which assessed B12 intake levels according to education. All studies, except for the 

present quantitative study, found an association between high and middle income and a high 

vitamin B12 intake. However, the studies by Bianchetti et al. and by Bates et al. conducted in 
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Italy and the UK, respectively, showed no significant influence of education on vitamin B12 

intake (76, 77).  

The study by Mendonca et al., performed in the UK, found that the vitamin B12 intake 

was slightly lower (3.0 µg /day) at the highest level of education (≥12 years), compared to 

participants with a medium level of education (3.1 µg /day), but still being higher than for 

participants with a low educational level (2.8 µg /day) (78). 

According to a study conducted in the USA by Agnew-Blais et al., 56.3 % of women 

in the low education group had a vitamin B12 intake below 2.4 µg/day and 42 % of women 

had a vitamin B12 intake of ≥2.4 µg/day. In contrast, 22.4 % of women in the high education 

group had an intake of less than 2.4 µg/day and 30.4 % had a vitamin B12 intake of ≥2.4 

µg/day (79). 

In a study conducted in Brazil, it was found that vitamin B12 intake in the elderly was 

significantly higher in the high education group than in the low education group (low 

education: 4.1 µg/day vs. high education 6.1 µg/day) (80). 

The studies conducted in the USA and Brazil showed that education had a more 

significant influence on vitamin B12 intake than the income whereas the study in Italy came 

to the opposite conclusion (77, 79, 80). 

These results may indicate that the influence of education level on the intake of 

vitamin B12 may vary regionally. 

 

4.3 Vitamin B12 intake and sex 
 No significant difference was found in the present study between sex regarding the 

intake of vitamin B12, with or without supplements. Furthermore, the analysis showed no 

significant effect of sex on the ratio of education to vitamin B12 intake.  

 A similar result was also reached in the study by Bianchetti et al., who found a vitamin 

B12 intake of less than 3 µg/day in the lower educated group, 32.8 % of men and 33.7 % of 

women. In contrast, only 26.9 % of men and 30.4 % of women in the group with higher 

education fell below a daily intake of 3 µg/day (77). Income had a greater influence on 

vitamin B-12 intake in this study, but there were no significant differences between sexes. 

The percentage of participants in the low-income group who had a vitamin B12 intake of less 

than 3 µg/day was 35.5 % for men and 37.5 % for women. In contrast, only 25.8% of men and 

25.9% of women in the higher income group had a daily intake of less than 3 µg. 

Consequently, the study found that income had a stronger association with vitamin B12 intake 

than education, but a significant difference between sexes was not found here either (77).  
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4.4 Vitamin B12 intake and age 
 Regarding the influence of age on vitamin B12 intake, there were tendencies in the 

present study for vitamin B12 intake to decrease with increasing age. In the intake of B12 

without food supplements, the age group ≤80 years consumed an average of 6.69 µg/day and 

those >80 years consumed an average of 5.79 µg/day. When consuming B12 with food 

supplements, the ≤80 age group consumed an average of 7.09 µg/day and the >80 age group 

consumed an average of 6.18 µg/day. However, the analyses did not show any significance in 

the differences and no age group remained below the recommended daily amount. 

 Malnutrition in older people can be a cause of many diseases and poor health 

outcomes (4). Frailty and physical limitations together with comorbidities often increase with 

age (72). These circumstances can negatively affect nutritional status, leading to inadequate 

food intake and possibly malnutrition (3). 

 The results of the study indicate that the recommended daily amount of vitamin B12 is 

relatively easy to cover through the diet, even in advancing age. 

 

4.5 Methodological considerations 

4.5.1 Study design 
Cross-sectional studies are momentary snapshots and describe the distribution of one 

exposure, one disease or both at the same time in the population at a specific point in time. 

They describe the condition of the studied population without being able to reveal a cause-

effect relationship. Cross-sectional studies are suitable for developing new hypotheses. 

However, they are not suitable for testing hypotheses, i.e. for verifying them scientifically 

(68).  

 The present study can be seen as a pilot study and for this reason the chosen design of 

cross-sectional study is appropriate. It is important to know the possibilities and limitations of 

this type of study and to take them into account when interpreting and drawing conclusions. 

Based on the results and hypotheses derived from the present study, more specific studies can 

be conducted. 

4.5.2 Precision, power and sample size 
 The study was planned with a sample size of up to 500 participants. The power 

calculation in the context of vitamin B12 deficiency resulted in an optimal number of 

participants of 138 participants (with an assumed prevalence of 10% with B12 deficiency) or 

622 participants (with an assumed prevalence of 45% vitamin B12 deficiency) (see chapter 

2.2.2). However, it was only possible to recruit 241 participants. In the end, 102 participants 
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completed the FFQ. Among the data on vitamin B12 intake, there was one extreme outlier, 

which was removed after a sensitivity analysis. 

4.5.3 Response rate 
The response rate was calculated as follows: 

 

Number of forms received / Number of forms distributed* 100%.  

 

The response rate of the FFQ was 42.3% 

 

4.5.4 Validity 
Messick states that validity always refers to the extent to which empirical evidence 

and theoretical justifications support the reasonableness and appropriateness of interpretations 

and measures based on test results (81). Heale and Twycross define it as the degree to which a 

research instrument consistently produces the same findings when used repeatedly in the same 

setting (82). Essentially, a distinction is made between internal and external validity (83). 

 

4.5.5 Internal Validity 
 

 According to Akobeng, a study is considered internally valid if the observed 

differences between groups of patients assigned to different interventions can be correctly 

attributed to the intervention under study (83). A lack of internal validity affects the quality of 

the evidence which can be inferred from a study. As the two main errors that can affect 

internal validity, the author mentions both bias and random error. For the present study, a 

validated FFQ that had already been tested in another study was therefore used. The 

questionnaire included common foods consumed by most of the Norwegian population. 

 

4.5.6 Selection bias  
Selection bias refers to an error in the selection of study participants. This means that 

the people selected for the study differ systematically from the population from which the 

selection was made (68). Cases and controls must come from the same (sub-) population. If 

this is not the case, selection error occurs due to inappropriate selection (68). In the present 

study, more than half of the study participants had a high level of education and this 

educational group was thus overrepresented compared to the total elderly population of Oslo 

and could be a possible selection bias. 

An essential component of selection bias is the so-called non-response bias. There is a 

high probability that these non-responders differ from the study participants. Possible reasons 
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include potential participants not being interested in health issues, feeling too old or too ill to 

complete the questionnaire, or language barriers (68).   

The aforementioned difficulty of the questionnaire being too complex or too long and 

thus too demanding for some potential participants of the selected population was also 

encountered in the implementation of the present study, which ultimately had an influence on 

the sample size. 

4.5.7 Information bias 
Misclassification can occur when individuals are incorrectly categorized due to faulty 

measurements or inaccurate information. Both exposure status and outcome status can be 

affected by incorrect categorization. Misclassification due to inaccurate information is called 

information bias in epidemiology (68). A frequent risk factor for the emergence of 

information bias is the misinterpretation of the assessment instrument of the study by the 

study participants, for example through the misunderstanding of a question asked or a 

memory gap (68). In the case of the present study with the FFQ, the amount of consumption 

of a certain food in the last few days. 

 

4.5.8 Assessment Tools 
A validated FFQ was used for the present study (70). FFQs are a simple and effective 

means of tracking regular dietary patterns over a period of time (27). However, they are 

vulnerable to bias, which has already been described in the chapter on selection and 

information bias. During the data collection for this study, it became apparent that both 

information and selection bias could pose a risk to the analysis and interpretation of the data.  

some participants had difficulties remembering the food they had eaten recently or the amount 

of food they had eaten, or were overwhelmed by the length of the questionnaire, which could 

lead to a lack of concentration when answering the questions (potential information bias).  On 

the other hand, the size and complexity of the FFQ may have discouraged potential 

participants from taking part in the study, which may lead to a bias in the results because the 

final participants of the study do not reflect the entire target group (selection bias).  

4.5.9 Confounding 
The terms bias and confounding need to be differentiated. Bias are systematic errors 

that can hardly be corrected retrospectively. In contrast, confounding is based on an error in 

the interpretation of the data, which can still be recognized afterwards and considered in the 

data evaluation. However, the prerequisite for this is that the confounder is measured in the 

study. Typical confounders include sex, age, socio-economic status, tobacco and alcohol 

consumption (68). 
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 For the analysis of the present thesis, this was considered, first by preparing a DAG, 

(Figure 1), and the resulting potential confounders were considered in the evaluation and 

interpretation of the data. 

 

4.5.10 External Validity 
Ferguson states that the term 'external validity' is frequently associated and, moreover, 

used interchangeably with the term 'generalizability' (84). Generalizability is the process of 

using certain data to make a general statement that is applicable to the intended or the general 

population, settings or times - in other words, the term refers to the characteristic of being 

applicable in other situations (84). Furthermore, the author refers to Morgan & Harmon's 

definition that external validity is a function of both the researcher and the research design 

(85). Accordingly, this means that generalizability depends on the researcher and the user 

(85). In this context, it is crucial for the use of the knowledge that the user must determine the 

relevance of the results to the intended population and whether the results are generalizable to 

this or other settings and populations (84). 

 

4.5.11 External validity of the current study 
For the present study, which was conducted in different senior centers in Oslo, this 

means that it cannot be applied to the entire Norwegian population as well as to the general 

elderly population in Norway. The study focused on the community of elderly not living in 

nursing homes. Highly educated people were overrepresented here. Consequently, the study is 

only comparable with studies that have taken place in a similar setting. Specifically, studies 

with similar age groups with similar socio-economic contexts in similar settings. 

 

4.5.12 Strengths and Limitations 
The main limitation of the present study is the low sample size. This is also a factor 

that is difficult to consider when analyzing the data. It is therefore more important to take this 

fact into account when interpreting the results. 

Despite the small number of participants, those who took part provided very detailed 

data, which is also due to the validated FFQ used. In addition, the FFQ had already been 

tested in another study (70) with the same population group and proved to be a suitable tool in 

this context. The fact that nutrient intakes for the sample group were estimated twice (once 

with and once without supplements) provides useful information on the use of supplements in 

the selected study population. 
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A possible selection bias is the fact that mainly healthy and rather fit elderly people 

participated in the study and thus does not reflect the complete range of elderly people in 

Oslo. Although participants who were not able to complete the FFQ on their own were 

assisted by study officials, this can be seen as a strength in the study implementation, as it 

gave the opportunity to diversify the study participant group. However, due to limited 

resources and the related effort, this could not be extended to the breadth that would have 

been necessary to bring the number of participants to the desired level. 

It is one of the few studies carried out so far in the context of food intake in 

community-dwelling older adults, and thus the experience gained in conducting and 

evaluating the study is an important foundation for subsequent studies with this or similar 

settings. 
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Chapter Five: Conclusion 
The present thesis examined whether the vitamin B12 intake of older adults varies in 

relation to education by conducting a systematic review and analyzing data collected by a 

standardized FFQ from a study performed in Oslo. The studies examined and included in the 

systematic review found that both education and income were positively associated with 

vitamin B12 intake in community-dwelling older people. The reasons for this association 

could not be clarified within the review. A tendency towards this association was also found 

in the analysis of the data from the study conducted in Oslo. The mean vitamin B12 intake 

was mostly in line with the official recommendations both in the included studies of the 

systematic review and in the present study. 

 

Implications: The estimates of the included studies of the systematic review and the present 

study tend to go in the same direction, an association of the intake of vitamin B12 and the 

level of education seems to be related. Due to the small number of participants in the present 

study, the association was not significant. However, this aspect is due to the lack of power of 

the study. It would be interesting for future studies to determine whether the association could 

be confirmed as significant with a higher number of participants.   

Elderly people belong to the risk group for developing a vitamin B12 deficiency, as 

was evident in the literature review. As shown in the studies of the systematic review as well 

as in the present study, the risk of developing this deficiency through insufficient nutrient 

intake is rather low. These two positions make it clear that a vitamin B12 deficiency can be 

caused by several factors and should therefore also be checked medically, for example by a 

blood test if suspected.  

 

Recommendations: Undetected vitamin B12 deficiency can lead to non-specific symptoms as 

fatigue and severe irreversible neurological complications. However, the amount ingested 

with food does not necessarily indicate the vitamin B12 status as malabsorption is a frequent 

and important interacting factor. In addition, atrophic gastritis, pernicious anaemia and the use 

of medication is especially prevalent in older people. It should therefore be considered to 

screen the serum for biomarkers of a vitamin B12 deficiency in older adults.  

 

Future research: The participation of, especially very old adults, in dietary surveys should be 

promoted to increase the power of the studies regarding differences across educational 

groups. This could be achieved by simplified FFQs or by observational studies. More 
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investigations are needed to identify comorbidities influencing the intake of vitamin B12 in 

community-dwelling older adults through the diet. 
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Appendix I: Systematic Review 

Does the intake of vitamin B12 in community-dwelling older adults vary by 

socio-economic status? A systematic review and narrative summary 

Dominik Pascal Beaunée, Kellie Grinsell, Tone Kristin Omsland, Ahmed Madar, Cecilie Dahl 

Affiliation:  

University of Oslo, Department of Community Medicine and Global Health, Institute of 

Health and Society, Post Box 1130 Blindern, 0318 Oslo, Norway 

Abstract 

Purpose The present systematic review aimed to examine the differences in vitamin B12 intake in relation to 

socio-economic status (SES) among community-dwelling older adults aged 60 years and over.  

Methods MEDLINE, Embase, CINAHL, and Scopus, were searched for literature published in English through 

11th December 2020 that included assessment of vitamin B12 intake and socio-economic variables (educational 

level and income) in ≥60-year-old community-dwelling subjects. Titles, abstracts, and full text were screened for 

eligibility. The quality of the included articles was assessed using the Newcastle-Ottowa Scale (NOS) for cohort 

and an adapted version for cross-sectional studies.  

The study protocol was registered in PROSPERO with the number CRD 42021278349. 

Results A total of 7 studies from 5 countries, with data from all together 10,251 participants met the criteria for 

inclusion in this review. A positive association between estimated vitamin B12 intake and SES was observed in 

6 studies. One study reported no association.  

Conclusion Education and income are both associated with vitamin B12 intake in community-dwelling elderly. 

The reasons for this association could not be resolved within this review. Future studies with larger sample sizes 

and generalizable populations are needed. 

Keywords Vitamin B12 · socio-economic status · elderly · systematic review · community-dwelling 

 

Introduction 

Socio-economic status (SES), often indicated by education- and income levels, has been found to be associated 

with diet quality in the general population (1). Several studies have shown that people with higher levels of 

education and higher income have healthier diets, with a higher intake of fiber and vitamin D, and a lower intake 

of saturated fats and added sugars (1-4).  

It is well-known that malnutrition in the elderly can be an underlying cause of many diseases and poor health 

outcomes (5). In particular, malnutrition among older adults dependent on assisted living has been well-studied; 

however, there is a lack of knowledge on the nutritional status of community-dwelling older adults, who are 

healthy enough to live independently in their own homes (6).  

In addition to an increase in life expectancy, older adults seem to have become healthier over time. For example, 

recent born generations of 80-year-olds, have similar mean grip strength as 75-year-olds born one generation 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021278349
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earlier (7). However, frailty and physical limitations, along with concomitant diseases, often increase as people 

age (8). These circumstances can negatively influence the nutritional status, which can lead to insufficient food 

intake and possibly to malnutrition (6). 

Although the energy requirement often decreases with age due to reduced muscle mass and lower physical 

activity, the need for some vitamins and minerals e.g., vitamin B12 remains unchanged (9). It can even increase 

due to reduced absorption capabilities, for example, through the intake of medication (10).  

Vitamin B12 is a micronutrient that is essential to form red blood cells, DNA and function of the central nervous 

system.  It  is synthesized exclusively by microorganisms in the gut of animals (11-13), and the only sources of 

vitamin B12 for humans are animal-based products such as meat, fish, and milk products or dietary supplements 

and prescription medications (14).  

Poor general health, low appetite, but also low educational- and income-level have been found to be associated 

with malnutrition and low-quality diet in older adults (15-18). In particular, older adults with low SES may have 

a lower intake of micronutrients compared with older adults with higher SES (17). 

In the current systematic review, we would like to summarize the association between socio-economic factors 

(education level, income, and social class) and dietary intake (including supplements) of vitamin B12 in 

community-dwelling older adults. 

 

Methods 

Literature search and study selection 

A systematic literature search was undertaken according to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guideline to identify eligible studies related to vitamin B12 intake of the 

elderly and SES. Four databases: MEDLINE, Embase, CINAHL and Scopus, were searched for articles 

published from 1st of January 1946 to 11th December 2020 by a certified librarian and adviser at the library of 

medicine and science of the University of Oslo (UiO), using database-specific keywords for the three 

determining variables of the search: (1) Socio-economic indicators, (2) Older community-dwelling adults (≥60 

years), (3) Vitamin B12 intake via diet. The specific search terms used for each database can be found in 

Appendix 1. 

Inclusion and exclusion criteria 

Studies were included if they assessed the vitamin B12 intake in community-dwelling participants aged 60 years 

or older through their diet (including supplements), in relation to their SES. Studies measuring vitamin B12 in 

serum rather than through dietary intake, studies conducted in nursing home residents, focusing on adults younger 

than 60 years only, or non-English language abstracts only were excluded.  

Studies identified through database search were initially screened using the Rayyan web tool. Rayyan enables a 

speedier title and abstract screening by highlighting user-defined keywords (19). Articles were then classified as 

either initially “included”, “excluded”, or “maybe” in cases when the abstract did not provide enough 

information on the variables of the search. Full texts of articles, classified into groups initially included and 

maybe, were assessed against the review criteria and either included or excluded. Any disagreements were 

discussed with the second reviewer (KG). 
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Data extraction and quality assessment 

Characteristics of the included studies [author, year, article title, country, population (age, special characteristics, 

and the number of subjects), study design, exclusion criteria, main findings and findings according to SES] were 

extracted into an excel spreadsheet. 

For quality assessment of the included studies, the Newcastle-Ottowa Scale (NOS) was used. 

NOS is recommended by the Cochrane Collaboration to assess the quality of nonrandomized studies (20). The 

scale awards a maximum of nine stars to cohort studies to identify high-quality studies according to three 

perspectives: selection of the study groups, comparability, and ascertainment of the outcome (21). An adapted 

version for cross-sectional studies by PA Modesti et al. was used, which awards up to ten stars (22). Two 

independent authors (DB and KG) assessed the study quality, and uncertainties were resolved through discussion. 

On this scale, a score of <4, 4-6, 7-10, were defined as poor, moderate, and good quality, respectively. 

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart of the 

literature search process 

 

Additional data  

We were also able to obtain unpublished data from a recent study conducted in senior centers in Oslo (Norway) 

with 101 community-dwelling elderly (26 men and 68 women) ≥65 years with a mean age of 76 years to 

supplement this systematic review. The study was conducted between November 2019 and January 2020 in 
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selected senior centers in different districts of Oslo. These senior centers are a low threshold open social offer for 

elderly people living in their own homes. Participation was voluntary, and participants were offered help in 

completing the questionnaires. Data on dietary intake were collected using a Food Frequency Questionnaire 

(FFQ), a certified dietary assessment tool that has been used in many previous dietary studies in Norway (e. g. 

the Tromsø study) (23). Education level was self-reported and categorized into high (>12 years) versus low (≤12 

years).    

Results 

Study selection 

A total of 1321 studies were retrieved from the literature search including the unpublished study, of which 646 

duplicates were removed. Of the remaining 675 studies, 641 were excluded according to the inclusion and 

exclusion criteria based on the information provided in the title and the abstract. Major reasons for exclusion were 

the other ages of the populations and that vitamin B12 status was only assessed in blood samples, not from dietary 

intake. A total of 34 studies were full text assessed, and 28 were excluded. This was mainly because they did not 

have any separate information on vitamin B12 intake in older adults (≥60 years). 

Study characteristics and quality assessment 

Characteristics of the studies included in the present systematic review as well as their quality NOS scores are 

presented in Table 1.  

Of the total seven studies included in the qualitative review, five were of cross-sectional design (24-28), and two 

were cohort studies (29, 30). Three were judged to be of high quality (28-30)  and four studies of sufficient 

quality (24-27). 

The total number of participants in the different studies ranged from 101 to 7,030 participants, with 10,251 

participants in total.  The age of the study participants in one study was 85 years and older. The other studies 

focused on 60 and 70 years old and above. 

Except for one study (30), which included only women, all focused on both genders. Studies were performed in 

Norway, the USA, Italy, Brazil and three studies in the UK (25, 27-32). 

Two studies in the UK have been performed by C. J. Bates as lead author and are both based on the data retrieved 

by the 1994–5  British National Diet and Nutrition Survey (NDNS) (26, 27).  

 

 

 

 

 

  



 Table 1 Characteristics of studies included in the systematic review 

Author, Year Article title Country Population  Exclusion criteria Study 
design 

Main findings Results according to SES Quality 
NOS 

Unpublished
(24) 

Study of nutritional intake 
in community dwelling 
older adults in Oslo 

Norway n: 101 
age: ≥60 years 

Individuals who 
were not able or 
willing to complete 
the questionnaires 
even with 
assistance. 

cross-
sectional 

The mean vitamin B12 intake of the 
participants was above the recommended 
daily intake by the Nordic Council of Ministers 
(2.0 µg/day), also when excluding B12 
supplements. The mean intake decreased 
with increasing age. Education level has no 
significant association with the intake of 
vitamin B12 in older adults. 

Education (years) 
Without supplements 
≤13: 6.4 µg/day 
>13: 6.3 µg/day 
 
With supplements 
≤13: 6.7 µg/day 
>13: 6.8 µg/day 

7 

Mendonca 
et al., 2016 
(29) 

Micronutrient intake and 
food sources in the very 
old: analysis of the 
Newcastle 85+ Study 

UK n: 793 
age: ≥85 years 

No information 
available 

cohort  Higher vitamin B12 intake in people of better 
social class and with more years of education 
(peak at 10-11 y), drops slightly at 12 and 
more years. 10% below Lower Reference 
Nutrient Intake (LRNI)1.0 µg/day 

Education (years) 
≤9: 2.8 µg/day 
10-11: 3.1 µg/day 
≥12: 3.0 µg/day 
 
Social Class 
Class 1: 3.0 µg/day 
Class 2: 2.8 µg/day 
Class 3: 2.8 µg/day 

9 

Venturini et 
al., 2015 
(25) 

Consumption of nutrients 
among the elderly living in 
Porto Alegre in the State 
of Rio Grande do Sul, 
Brazil: a population-based 
study 

Brazil n: 427 
age: ≥60 years 
 
54.9% 
underweight 

Individuals whose 
information was 
incorrect and/or 
incomplete 

cross-
sectional 

Higher education was associated with higher 
intake of vitamin B12; A family income of 2-5 
times the minimum wage showed the 
greatest consumption of vitamin B12. At 
incomes of > 5 times the minimum wage the 
intake was as low as at levels up to an income 
of 2 times the minimum wage. 
The vitamin B12 intake was highest at the age 
60-69 and became lower at 70-79 with lowest 
intakes at ≥80.  

Education (years) 
<8: 4.1 µg/day 
≥8: 6.1 µg/day 
(p-value difference=0,027) 
 
<2 times minimum wage: 4.7µg/day 
2-5 times mimimum wage: 6.2 µg/day 
>5 times minimum wage: 4.9 µg/day 
(p-value difference=0.53) 

7 

Agnew-Blais 
et al., 2014 
(30) 

Folate, Vitamin B-6, and 
Vitamin B12 Intake and 
Mild Cognitive Impairment 
and Probable 
Dementia in the Women’s 
Health Initiative 
Memory Study 

USA n: 7,030   
Age: 65-79 
years 
 
Postmenopausa
l women  

MCI/probable 
dementia 
 
Subjects with 
missing information 
on several 
confounders, 
including education, 

cohort Only 2.5% (n: 174) fell below the 
Recommended Daily Allowance (RDA) (2.4 
µg/day) for vitamin B12 intake. 
Subjects who fell below the RDA were 
significantly less likely to take supplements, 
more likely to be nonwhite, have a lower level 
of education and income. 

%<2.4 µg/day by education: 
0-8 years/some high school: 56.3%  
High school/some college: 21.3 % 
College grad/postgrad: 22.4 % 
 
%<2.4 µg/day by income 
<19,999: 35.1% 
20,000-34,999: 33.9% 

8 
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 Table 1 Characteristics of studies included in the systematic review 

Author, Year Article title Country Population  Exclusion criteria Study 
design 

Main findings Results according to SES Quality 
NOS 

were excluded from 
analyses 

35,000-49,999: 17.2% 
50,000-74,999: 10.9% 
≥75,000: 2.9% 
 
%≥2.4 µg/day by education 
 
0-8 years/some high school: 42.0%  
High school/some college: 27,6% 
College grad/postgrad: 30,4% 
 
%≥2.4 µg/day by income 
 
<19,999: 24.7% 
20,000-34,999: 34,4% 
35,000-49,999: 20.0% 
50,000-74,999: 13.4% 
≥75,000: 7.6% 
p-value of difference 
(education)<0.001 
p-value of difference (income)<0.01 

Bates et al., 
2003 (27) 
 

Relationship between 
methylmalonic acid, 
homocysteine, vitamin 
B12 intake and status and 
socio-economic indices, in 
a subset of participants in 
the British National Diet 
and Nutrition Survey 
(NDNS) of 
people aged ≥65 years 

UK n: 313 
(subgroup) 
age: ≥ 65 years  
 
Analysis 
performed on a 
subset of 
unused plasma 
samples from 
the NDNS 

No information 
available 

cross-
sectional 

No significant association between socio-
demographic indicators such as poverty, 
social class and low level of education and low 
vitamin B12 intake.  
 
Vitamin B12 status may depend on longterm 
variations in vitamin B12 intake due to low 
correlation between serum vitamin B12 and 
vitamin B12 intake. 

Vitamin B12 intake was lower, in those 
who had not obtained an education 
up to at least the equivalent of 
Certificate of Secondary Education 
(CSE) 
Significant association between 
Methylmalonic acid (MMA) as a 
specific marker of functional vitamin 
B12 status and education (p value of 
difference=0.0005) 
 
 
p-value of difference (education)=0.3 
p-value of difference (income)=0.8 
 

7 
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 Table 1 Characteristics of studies included in the systematic review 

Author, Year Article title Country Population  Exclusion criteria Study 
design 

Main findings Results according to SES Quality 
NOS 

Bates et al. 
1999 (26) 

Micronutrients: highlights 
and research challenges 
from the 1994–5 National 
Diet and Nutrition Survey 
(NDNS) of people aged 65 
years and over 

UK n:284 
(subgroup) 
age: 65– 95 
years 

No information 
available 

cross-
sectional 

Below Reference Nutrient Intake (RNI): 3% 
(1.5 µg) n:1310 
 
Socio-economic factors were not associated 
with variations in serum vitamin B12. 

Group 1 
Family income <£6000 per annum, 
receiving state benefit, living in the 
north of England or in Scotland 
3.7 µg/day 
 
Group 2 
Family income >£6000 per annum, not 
receiving state benefit and living in the 
remainder of mainland Britain 
p-value of difference= 0.003 
4.7 µg/day 
 

5 

Bianchetti et 
al., 1990 
(28) 

Nutritional intake, socio-
economic conditions, and 
health status in a large 
elderly population 

Italy  
n: 1,303 
age: 70-75 years 

Hospitalization 
during the period of 
inquiry 

cross-
sectional 

About a third of the subjects had an 
inadequate intake of vitamin B12 (RDA 3.0 
µg/day). Inadequate dietary intake correlated 
more strongly with socio-economic conditions 
than with physical health status. A higher 
percentage of low-income individuals had 
inadequate intakes than those with low levels 
of education. 

Percentage of individuals with intake 
below 3.0 µg/day:  

Low income (below 4800$ per year) 

(m): 35.5 %  
p -value of difference from those with 
high income: < .05 
(f) 37.5 %  
p -value of difference from those with 
high income < .01 
High income  
(m): 25.8 % 
(f): 25.9 % 
Low educational level (less than 3 
years) 
(m) 32.8 % 
(f) 33.7 %  
 
High educational level  
(m) 26.9 % 
(f) 30.4 % 

8 
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Results of Individual Studies  

Of the seven studies included, one study included participants with different educational background as SES 

indicator only (24). Four studies included participants with different educational backgrounds and income levels 

(25, 27, 28, 30), one study focused on participants with different educational background and social class (29). 

The last of the seven studies combined the SES indicators income, receiving state benefit and the place of residence 

(26). 

Seven to nine years or less of formal education was defined as low education in three studies (25, 29, 30). Another 

study defined low education by school attendance of three years or below (28). Whereas the study conducted in 

Oslo defined low education by school attendance up to 13 years (24). Low income was defined as an individual 

income below 500,000 lire per month (about 4800$ per year) (28), below 19,000$ per year (30)  or less than double 

the minimum wage (25). Receipt of state benefit was used as marker of low income by Bates in both studies (26, 

27). A family income below £6000 per year was used as a second factor of low income by Bates et al. (1999). 

The recent cross-sectional study from Oslo (Norway) showed that vitamin B12 intake without supplements was 

not significantly different in the high-education group than in the low-education group (low education: 

6.4 µg/day versus high education: 6.3 µg/day), when age and sex were adjusted for, (β without supplements= 

0.005; 95% CI: -1.17, 1.18). The average vitamin B12 intake with supplements included was not significantly 

between the educational groups (low education: 6.72 µg/day versus high education: 6.77 µg/day), (β with 

supplements= 0.21; 95% CI: -0.93, 1.33). The quality of this study according to NOS was downgraded due to the 

low number of participants (n:101) and the high cut off level for a low educational level (0-13 years).  

When stratifying on gender, the proportion of participants in the low education group in the study by Bianchetti 

et al. (1990) showing a vitamin B12 intake below 3 µg/day was 32.8% for men and 33.7% for women. In 

contrast, only 26.9% of men and 30.4% of women in the higher education group fell below a daily intake of 3 

µg. The percentage of participants in the low-income group found a vitamin B12 intake below 3 µg/day is 35.5% 

for men and 37.5% for women. In contrast, only 25.8% of men and 25.9% of women in the higher income group 

had a daily intake below 3 µg. Consequently, the study found that income had a stronger association with 

vitamin B12 intake than education (28).  

Bates et al. (1999) showed that group 1 of the participants with the SES indicators: family income of <£6000 per 

year, receiving state benefit and living in north of England or in Scotland had a mean intake of vitamin B12 of 

3.7 µg /day. Group 2 of the participants with the SES indicators: family income of >£6000 per year, not 

receiving state benefit and living in the remaining mainland of Britain at the other hand had a mean intake of 4.7 

µg /day. However, there is no data on the influence of income considered by itself on vitamin B12 intake. 

Participants with SES indicators, which did not fit in either group 1 or 2 (e.g., receiving state benefit and living 

in the south of England) were not considered for this analysis.  

The other study performed by Bates as lead author (2003) could not find an association between income and 

vitamin B12 intake. Both studies (1999 & 2003) were based on the 1994–5 British National Diet and Nutrition 

Survey (NDNS) with 1,310 participants but used data from a subset of participants (284 and 313 participants, 

respectively). Bates et al. (2003) did only include participants for whom the Methylmalonic acid (MMA) 

concentrations were measured in plasma samples. Bates et al. (1999) did not describe the selection process in 

detail. Therefore, and for grouping of SES indicators, the results should be evaluated with caution. 
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In the study performed in the USA by Agnew-Blais et al. (2014) 56.3 % of the women in the low education 

group had a vitamin B12 intake below 2.4 µg/day and 42% of women had a vitamin B12 intake of ≥2.4 µg /day, 

respectively. Whereas 22.4 % of the women in the high education group had an intake below 2.4 µg/day and 

30.4 % a vitamin B12 intake of ≥2.4 µg /day (30). In the lowest income group 35.1 % of the individuals had a 

vitamin B12 intake below 2.4 µg/day and 24.7% of women had a vitamin B12 intake of ≥2.4 µg/day, 

respectively. Whereas 2.9 % of all women, belonging to the highest income group had an intake below 2.4 

µg/day and 7.6 % a vitamin B12 intake of ≥2.4 µg /day (30). 

Venturini et al. (2015) showed that the vitamin B12 intake in Brazilian elderly was significantly different in the 

high-education group than in the low-education group (low education: 4.1 µg/day versus high education 

6.1 µg/day). The authors also noted a considerable drop in the intake from 6.2 µg /day of vitamin B12 at the middle 

income group to 4.9 µg /day at the highest income group, a level almost as low as in the lowest income group (4.7 

µg/day) amongst Brazilian elderly (25). 

In contrast to the study performed by Bianchetti et al. (1999) in Italy, the studies in the USA  and Brazil found that 

education had a stronger association with vitamin B12 intake than income (25, 30). 

The study by Mendonca et al. (2016), performed in the UK, also found that the vitamin B12 intake was slightly 

lower (3.0 µg /day) at the highest level of education (≥12 years), compared to participants with a medium level of 

education (3.1 µg /day), but still being higher than for participants with a low educational level (2.8 µg /day) (29). 

Rather than assessing the differences in income, the study by Mendonca et al. (2016) assessed the micro-nutrient 

intake (including B12) according to different social classes. Social class was determined based on the occupation 

the participants reported to have had before retirement (29). The highest social class (1 out of 3) had the highest 

vitamin B12 intake (3.0 µg /day), the other two classes showed no difference in intake (both 2.8 µg /day). 

Synthesis of results 

The mean intake of vitamin B12 by educational status was between 3.1 – 6.8 µg/day in the high-education group 

and 2.8 – 6.7 µg/day in the low education group in the three studies that reported mean intake values (24, 25, 

29).  

Only one study reported mean values for vitamin B12 intake according to income classes, those were 4.7 µg/day 

in the low-income group and 4.9 µg/day in the highest income group. The highest intake was noted for the middle-

income group (6.2 µg/day) (25). Another study, which included income in addition to the place of residence and 

receipt of social benefits as SES indicator observed intake values of 4.7 µg/day in the low SES and 4.9 µg/day in 

the high SES group (26).  

The study assessing the vitamin B12 intake according to social classes in addition to the education observed that 

the highest social class (1 out of 3) had the highest vitamin B12 intake (3.0 µg /day) compared to classes 2 and 3 

(both 2.8 µg /day) (29). 

In conclusion, six out of seven studies found a positive association, whereas one study could not find any 

association between SES and vitamin B12 intake. Five out of seven studies assessed B12 intake levels according 

to income. Four studies concluded that low income was associated with a low vitamin B12 intake (25, 26, 28, 

30). 
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Six out of seven studies assessed B12 intake levels according to education. Of those, five studies found an 

association between high and middle income and a high vitamin B12 intake (25, 27-30). Two studies found that 

education had a higher influence compared to the income. Another study came to the opposite conclusion (28). 

Furthermore, there were differences in one study to what extent the income had an influence on the intake of 

vitamin B12. 

Secondary findings 

Inadequate intake The proportion of older adults showing an inadequate intake of vitamin B12 ranged from 2.5% 

to 33% in the different studies. In four studies the proportion of participants with an intake of vitamin B12 below 

the recommended amount was less than or equal to 10%. One study did not give an exact proportion of individuals 

who fell below the recommended amount (25).  

Relation between Vitamin B12 intake and serum Vitamin B12 A survey performed by Bates et al. (1999 & 2003) 

assessed the relation between vitamin B12 intake and vitamin B12 serum status, and socio-economic key indicators 

in people aged ≥65. One finding of this survey was that serum vitamin B12 concentrations did not significantly 

correlate with the vitamin B12 intake of the participants. Furthermore, there was no evidence for any socio-

economic influences on serum vitamin B12 status. 

Certainty of the overall evidence and Reporting Biases 

Certainty of evidence was rated according to the GRADE (Grading of Recommendation, Assessment, 

Development and Evaluation) approach applied for a narrative summary of the effect (33). 

The total overall quality of evidence for all included studies was low. The level of evidence was downgraded due 

to a high risk of bias, indirectness and imprecision and heterogeneity between populations as some minor 

differences were observed for European and South American population. 

Most of the studies did not indicate the selection process, and thus possibly introducing selection bias. The study 

with the highest number of participants consisted of women only, reducing the generalizability to male 

populations. Another study did include 101 participants only. Hence, both contributed to rating imprecision as 

borderline. Most of the studies did not include exclusion criteria regarding existing diseases of the participants. 

There were also concerns about the different classification of low and high education (e.g., according to years of 

attendance or school-leaving qualification) and different cut-off levels for low income in the individual studies, 

and different types of FFQs with different calculation methods being used. The indirectness was therefore 

classified as borderline. 

Overall, the outcome of the eligible studies was consistent and showed a positive association between SES and 

vitamin B12 intake. However, there were no published studies of no association, which could indicate a possible 

publication bias excluding negative findings. Also, only a few countries had studies that were eligible for this 

review, which means that findings may not be generalizable to the world-population.  
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Discussion  

The present systematic review supports the hypothesis that higher SES is associated with higher intake of 

vitamin B12 in people aged ≥60 years 

Studies conducted in younger people have found a associations between low SES and a lower intake of several 

micronutrients (1, 34, 35). The US National Health and Nutrition Examination Survey (NHANES) from 2003 to 

2016, which included participants 19-46 years found that the population with low SES was at higher risk for not 

meeting the dietary reference intakes (DRIs) for several nutrients, including vitamin B12 (36). A cross-sectional 

analysis in France with more than 90,000 participants showed that particularly education is positively associated 

with high intakes of nutrients, but this study did not include B12 intake (37). 

Another dietary survey among 1,787 adults between 18 and 70 years old conducted in Norway demonstrated that 

people with higher education consumed a healthier diet compared to people with lower education. However, no 

significant difference in vitamin B12 intake could be established between the different levels of education (38).   

One possible explanation for the association between SES and B12 intake  is that people with a higher level of 

education may have more knowledge about nutrition and health (“health literacy”), leading to a healthier 

nutritional pattern than among people with a low level of education (39, 40). 

Another factor is that the low-quality foods high in sugar and fat, but low in micronutrients, are mostly cheap, 

easily available, and more often consumed by those with low income. Moreover, low-quality food is usually 

easier to store and quicker to prepare than fresh meat and vegetables. 

The importance of such factors is likely to vary between low-, middle- and high-income countries. 

The higher intake of micronutrients is usually explained by a higher consumption of vegetables, fruits, and fish 

in people with higher SES. Vitamin B12 is, however, only found in animal products, which means that there 

must be a different underlying explanation. One possible explanation is that low-income groups in particular 

cover their calorie needs with inexpensive foods that are rich in sugars and vegetable fats (41). Higher income 

groups, on the other hand, to a larger degree follow a diet rich in seafood, lean meat, and vegetables (42). 

Moreover, supplement use is more prevalent among people with higher SES (43). 

A study performed in Puerto Rico concluded that education had a greater influence on vitamin B12 intake than 

income, with higher intakes of B12 with high education, but not so with income. The authors highlighted that a 

higher intake of fast food and fried foods, known to be nutrient-poor and with high calorie density, is more often 

consumed by people with higher income (32).  

A similar association could be the reason for the decrease of vitamin B12 intake in the highest income group in 

the survey performed in Brazil. An article published in the New York Times describes a trend towards highly 

processed food that is emerging in Brazil, also due to rising incomes and a demand for convenience (44) . On the 

contrary,  the trend in European countries turns towards a healthier diet (45). In a survey on behalf of the 

German Bundesministerium für Gesundheit und Ernährung from 2021, 91% of the participants indicated that 

healthy food is important to them. This is also reflected by the increased consumption of vegetables and fruit in 

2021 compared to 2020 (46). The phenomenon whereby a population moves from plant-based diets rich in fiber 

and micronutrients to highly processed food and in the later so called “behavioral pattern” to more healthy food 

is referred to as “nutrition transition” (47). Nutrition transition was found to initially affect the population with 
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higher SES (48). This could be the reason for the different outcomes according to SES groups and countries 

observed in the current review. 

Discussion of secondary finding: Inadequate intake 

Different studies used different cut-off values for adequate intake applied by the authors, which made it difficult 

to compare the proportion of study participants with poor vitamin B12 intake. Adequate intake reference values 

for vitamin B12 in the present systematic review ranged from 1.0 to 3.0 µg/day as the studies either referred to 

the (lower) reference nutrient intake [(l)RNI], the recommended daily allowance (RDA) or other local 

recommendations.  The study with the highest reference value of 3 µg/day, performed by Bianchetti et al. also 

presented the largest portion of subjects with inadequate vitamin B12 intake (approximately one third) (28). 1 

out of the 4 studies that presented a mean intake value of vitamin B12 found a mean intake below the highest 

reference value. 

Discussion of secondary finding: Relationship between Vitamin B12 intake and serum Vitamin B12 

The National Institutes of Health (NIH) of the US Department of Health and Human Services (2021) lists 

atrophic gastritis as one of the most common reasons for vitamin B12 deficiency in older adults (49). The 

differences in the absorption of vitamin B12 may be a reason for the non-significant correlation between vitamin 

B12 serum concentration and oral intake in the study performed by Bates et al. (27). 

Limitations and Recommendations 

To the best of our knowledge, this is the first systematic review to look at the association between SES and the 

intake of vitamin B12 in older community-dwelling adults. The strengths of this study include the use of a robust 

and comprehensive search in several databases performed by an expert librarian, a thorough screening strategy 

using applicable software, and a methodical procedure and reporting according to the PRISMA guidelines. We 

also included unpublished data from a recent Norwegian study of community-dwelling adults.  

However, this review also presents possible limitations. 

First, this review included only studies with an abstract in English language. Five of the seven included studies 

were conducted in Europe. The inclusion of studies published in any other language than English could have 

identified different associations between SES and vitamin B12 intake in low- and high-income countries.  

Second, the exclusive search for publications in English language could have also introduced language bias as 

negative results or non-significant results are more likely to be published in local language. The non-publication 

of negative results in journals with high impact could have also led to publication bias. The literature search 

could have included grey literature such as research reports and academic papers to reduce publication bias. The 

current review did not include any eligible published studies of no association, which could be indicative for a 

publication bias. 

Third, included studies had various dietary assessment methods, different classifications of income and 

education, and heterogeneous calculation methods, which could lead to an inaccurate overall result, and it also 

made it impossible to perform a meta-analysis. However, the finding of a positive association between SES and 

B12 intake despite these different assessment methods makes our finding more robust. 
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For future studies, a larger population, and the use of uniform and validated dietary assessment methods are 

recommended. The inclusion of a greater number of countries could also help to understand the relation between 

the nutrition transition taking place across the world, SES, and vitamin B12 intake. 

 

Conclusion 

Findings from this review suggest that SES is, overall, positively associated with dietary vitamin B12 intake in 

community-dwelling older adults. Which of the two indices of SES, education or income, has a greater influence 

on vitamin B12 intake in older people may depend on the cultural background and stage of nutrition transition of 

the respective country.  
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