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Abstract
Vitamin B12 deficiency affects around 20% of seniors, and can 
cause memory impairment and even dementia, which 
becomes irreversible if not treated quickly. Thus, diagnosing 
and treating suspected B12 deficiency quickly and accurately 
is important. Because B12 blood levels can be inaccurate for a 
variety of reasons, a more reliable test, methylmalonic acid 
(MMA), is often requested to diagnose B12 deficiency.

Over a number of years, it was observed that MMA tests for 
seniors both at Ste. Anne’s Hospital and earlier at the Jewish 
General Hospital, had never come back as abnormal, even for 
those patients who clearly had B12 deficiencies as detected by 
other means. Even from a statistical point of view, one could 
have expected at least 20% to be abnormal.

In comparing the reference range for normal from the 
laboratory doing our MMA determinations, with the reference 
range usually used in research, it became clear that there was 
a large discrepancy. When this was corrected, MMA tests 
finally became useful, not only to Ste. Anne clinicians, but to 
all the McGill and University of Montreal affiliated hospitals as 
well.

Additionally, in reviewing older test results, a strong 
correlation was discovered between elevated MMA levels and 
mortality. Introduction

 Introduction
Vitamin B12 deficiency is an important issue at Ste. Anne’s 
Hospital:

• it affects 15 - 25% of seniors
• it can cause dementia, confusional states, paranoia
• can affect care needs by causing paralysis, incontinence
• if not detected and treated quickly, neurological 

impairments become permanent

Detecting B12 deficiency can be problematic because the 
usual test for blood B12 level is sometimes inaccurate.

A more specific test for B12 deficiency, “methylmalonic 
acid” (MMA) is available. However:

• it is not done in most hospitals (has to be sent out)
• more expensive
• results may take a month or longer

In my clinical experience with MMA testing over 10 years, with 
more than 100 patients, MMA results were always reported as 
normal, even when:

• other tests indicated a B12 deficiency
• patient symptoms suggested B12 deficiency
• symptoms improved with B12 treatment
• even in a random sample of seniors, at least 15% of 

MMA tests should have been abnormal

With these results, I and other clinicians at McGill had stopped 
using MMA tests, as they were unhelpful.

Objectives
• determine why MMA tests for our patients did not detect 

B12 deficiency
• if possible, correct the problem

Method
With help from Pauline Bourbonnais (Chef de service, 
laboratoire-radiologie) and Dr. Marc Martin (biochemist, 
Hôpital Sacré-Coeur), MMA testing was tracked to the Mass 
Spectrography Laboratory at McGill University. This lab was 
doing MMA tests for all the McGill University and the 
University of Montreal hospitals.

Dr. Orval Mamer, lab director, explained that the reference 
range (range of normal values) for MMA used at his lab, < 1.0 
micromol/L, was intended to detect “methylmalonic 
aciduria” ( a potentially fatal genetic disorder usually 
diagnosed in infancy).

Dr. Mamer expressed willingness to revise his lab’s range if 
indicated.

A literature search was performed to locate recent journal 
articles in which MMA reference range values for the detection 
of B12 deficiency, were stated.

A consensus value for the MMA reference range was 
determined.

The results of all MMA testing done for Ste. Anne’s Hospital 
patients were evaluated using this consensus value. Mortality 
status was extrapolated from patient status as entered in the 
hospital electronic medical records system. The probability of 
the association between MMA abnormality and mortality was 
calculated using Fisher’s exact test (two-tailed) (http://
www.graphpad.com/quickcalcs/contingency1.cfm)

Results
Using PubMed, 16 recent articles were found which stated 
reference range values for MMA testing.

The consensus reference range from the articles was < 0.27 
micromol/L MMA, for detection of B12 deficiency. This is less 
than one-third of the previously used range.

Our lab provided MMA test results for 47 patients, done 
between mid-2005 and mid-2007. These tests had been 
ordered when a B12 deficiency was suspected.

Out of the 47 tests, 22 were abnormal using the new 
reference range. Eleven of this group of 22 patents had died, 
compared to 8 out of 25 patients with normal tests (P = 
0.0025).

MMA level number of 
patients (%)

number deceased   
by July 2007 (%)

P

< 0.27 (normal)

≥ 0.27 
(abnormal)

Total

25 (53.2 %) 2 / 25 (8.0 %)

22 (46.8 %) 11 / 22 (50.0 %) 0.0025

47 (100 %) 13 / 47 (27.7 %)

Discussion
When the appropriate reference range was used, MMA test 
results were abnormal in almost half of the cases where 
vitamin B12 deficiency was suspected.

Abnormal MMA values appear highly predictive of increased 
mortality.

The new reference range value was used when MMA results 
are reported, not only for Ste. Anne’s Hospital patients but for 
all MMA tests ordered from McGill and U. of Montreal 
hospitals.

Limitations: small sample, nursing home residents, most very 
elderly (>80 years), only males.

Conclusions
If you consistently fail to get expected results with laboratory 
tests, examine the underlying assumptions.

Methylmalonic acid (MMA) testing with an appropriate 
reference range (<270 nmoles/L) detects abnormalities in 
about half of elderly male patients suspected of having a B12 
deficiency.

An abnormal MMA result appears to predict increased 
mortality in this sample. This finding warrants further 
investigation.
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