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Abstract
Summary In a population-based study on cobalamin status
and incident fractures in elderly men (n =790) with an average
follow-up of 5.9 years, we found that low levels of metaboli-
cally active and total cobalamins predict incident fractures,
independently of body mass index (BMI), bone mineral den-
sity (BMD), plasma total homocysteine (tHcy), and cystatin C.
Introduction Cobalamin deficiency in elderlies may affect
bone metabolism. This study aims to determine whether se-
rum cobalamins or holotranscobalamin (holoTC; the metabol-
ic active cobalamin) predict incident fractures in old men.
Methods Men participating in the Gothenburg part of the
population-based Osteoporotic Fractures in Men (MrOS)

Sweden cohort and without ongoing vitamin Bmedication were
included in the present study (n=790; age range, 70–81 years).
Results During an average follow-up of 5.9 years, 110 men
sustained X-ray-verified fractures including 45 men with clin-
ical vertebral fractures. The risk of fracture (adjusted for age,
smoking, BMI, BMD, falls, prevalent fracture, tHcy, cystatin
C, 25-OH-vitamin D, intake of calcium, and physical activity
(fully adjusted)), increased per each standard deviation de-
crease in cobalamins (hazard ratio (HR), 1.38; 95 % confi-
dence intervals (CI), 1.11–1.72) and holoTC (HR, 1.26; 95 %
CI, 1.03–1.54), respectively. Men in the lowest quartile of
cobalamins and holoTC (fully adjusted) had an increased risk
of all fracture (cobalamins, HR=1.67 (95 % CI, 1.06–2.62);
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holoTC, HR=1.74 (95 % CI, 1.12–2.69)) compared with
quartiles 2–4. No associations between folate or tHcy and
incident fractures were seen.
Conclusions We present novel data showing that low levels of
holoTC and cobalamins predicting incident fracture in elderly
men. This association remained after adjustment for BMI,
BMD, tHcy, and cystatin C. However, any causal relationship
between low cobalamin status and fractures should be ex-
plored in a prospective treatment study.

Keywords Cobalamins . Holotranscobalamin .

Homocysteine . Fractures . Men

Introduction

Osteoporosis is one of the most common age-related diseases
and the identification of causative, not least modifiable, risk
factors is important. Subclinical deficiency of cobalamin
(vitamin B12) is common in the elderly [1], mainly because
of malabsorption caused by atrophic gastritis [2], which in
turn has been suggested to have a negative effect on bone
metabolism [3]. Similarly, cobalamin deficiency caused by
autoimmune atrophic gastritis, has been identified as a risk
factor for osteoporosis [4]. Bone mineral density (BMD) and
risk of fractures in relation to serum cobalamins, folate, and
plasma total homocysteine (tHcy) has been studied in both
cross-sectional and prospective studies, but the results have
been inconsistent [5–9]. It is unclear whether intervention with
B vitamins can prevent fractures, but studies are ongoing [10].
In a placebo-controlled study of stroke patients [11], fracture
incidence was reduced after cobalamin and folate supplemen-
tation; however, other studies have not been able to demon-
strate efficacy [12].

Serum concentrations of cobalamins have low sensitivity
and specificity for diagnosing subclinical deficiency [13].
tHcy reflects the intracellular availability of cobalamins, fo-
late, and vitamin B6. However, tHcy accumulates also in renal
insufficiency and further correlates to glomerular filtration rate
(GFR) within the normal range [14]. Thus, tHcy is an
unspecific marker for cobalamin deficiency, and its strong
dependence on GFR has implications for the utility in elderly
populations. On average, only 30 % of cobalamins are bound
to transcobalamin (i.e., holotranscobalamin (holoTC)) and
thus available for cellular uptake [15, 16]. HoloTC represents
the functionally important fraction of cobalamins and is sug-
gested the most sensitive marker for early cobalamin deficien-
cy [17]. The association between holoTC and BMD/fractures,
has to our knowledge, not been studied.

The aim of the present study was to investigate the predic-
tive role of cobalamins, both measured as serum cobalamin
and holoTC, for incident fracture in a large, prospectively
followed up cohort of elderly men.

Materials and methods

Participants

Osteoporotic fractures in men (MrOS) is an epidemiological
investigation of elderly men. It is an international, multicentre,
prospective study focused on bone metabolism, and details
regarding the Swedish cohort have been published previously
[18]. For the present study, the GothenburgMrOS site, subjects
(n =1010) were systematically selected from national popula-
tion registries and invited to participate. To qualify for the
study, men had to be able to walk unassisted and provide
self-reported data about medical history including current med-
ication and lifestyle characteristics. Written informed consent
was obtained from all participants. All subjects were
interviewed by questionnaire on previous fractures after
50 years of age, any falls during the previous 12 months,
ongoing major disease, smoking, and other significant lifestyle
factors including alcohol intake. Dietary calcium intake (mil-
ligrams per day) was assessed by diet questionnaires. Ongoing
medication was assessed by interview and the probands' deliv-
ery of ongoing medication including both prescribed and over-
the-counter drugs. All medication was registered according to
the classification of the Swedish pharmacological registry. For
the present study, a total of 220 (22 %) subjects were excluded
because of ongoing medication with B vitamin supplements
(n =108) or pharmacological doses of vitamin B12, folic acid
and/or vitamin B6 (n =99) or combination of both (n =13). The
remaining subjects (n =790) thus formed the total study group
(TSG). Themedian age was 75.3 (range, 70.5–81.0) years. The
study was approved by the ethics committee at the University
of Gothenburg (M 014–01) and conducted in accordance with
the guidelines in The Declaration of Helsinki.

Dual X-ray absorptiometry

BMDof the total hip including femoral trochanter and femoral
neck, and in addition lumbar spine (vertebrae L1–4), total fat
mass, and total leanmass, was measured by dual-energyX-ray
absorptiometry using a Hologic QDR 4500/A-Delphi equip-
ment (Hologic, Waltman, MA, USA). The coefficient of var-
iation for this method (BMD expressed as grams per square
centimeter) ranged from 0.5 to 3 %.

Assessment of covariates

Levels of habitual physical activity were quantified using
parts of the questions in the Physical Activity Scale for Elderly
[19]. Physical performance was evaluated with a 6-m walking
test (n =760), time stand test (n =749), handgrip strength test
(n =755), and a balance test (n =388) [20]. Body mass index
(BMI) was calculated as weight in kilograms divided by
height in square meters squared.
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Assessment of incident fractures

Participants were followed up for a mean of 5.9 years (range,
4.7–7.4) after the baseline examination [18]. Time to first
fracture or death was defined as time from the baseline study
date to the actual event. Fracture evaluation during follow-up
was in addition done by re-evaluation of X-ray in the regional
registry, identified by the probands' unique personal registra-
tion number. Fractures rates were expressed as the number of
subjects with first fractures per 1,000 person-years (Table 1).
The total number of incident fractures was defined as all
fractures comprising the following types: clinical vertebral
osteoporosis fractures, nonvertebral osteoporosis fractures,
and other fractures. Clinical vertebral fractures (clinical symp-
toms reported by the participants after the baseline visit) were
confirmed by physician review of radiology report. Fractures
reported by the study participants but not possible to confirm
by radiology report were not included in the analysis.
“Nonvertebral osteoporosis fractures” included hip, distal ra-
dius, proximal humerus, and pelvis, i.e., the major locations
for osteoporotic fracture. “Other fractures” included radius/
ulna, hand, fingers, humerus, elbow, skull, cervical vertebrae,
clavicle, scapula, rib, femoral shaft, patella, upper tibia, ankle,
foot, and toes. Dates for any such additional incident fracture
in single subjects were recorded separately [21].

Blood sampling and analytical methods

All plasma/serum samples were collected at 8:00 a.m. after at
least 10 h of fasting and nonsmoking. Samples were frozen
immediately and stored at −80 °C. HoloTCwas determined by
an automatic method, AxSYM® HoloTC (Abbott), a micro-
particle enzyme immunoassay [22]. Cutoff limit for low values,
as suggested by the manufacturer, is 19 pmol/L [23]. The total
imprecision was 3.5 % at a concentration of 75 pmol/L.
Cobalamins (pmol/L) were analyzed using electro-
chemiluminescence immunoassay on the Cobas Modular
(Roche Diagnostics). The total imprecision was 4 % at a
concentration of 220 pmol/L. Plasma tHcy (micromoles per
liter) was measured on a Hitachi Modular-P (Roche). Cystatin
C (milligrams per liter) was measured by immunoturbidimetry
using Hitachi Modular-P analysers (Daco A/S Copenhagen).
The total imprecision was 2.1 %. Methods for serum 25(OH)
D, plasma total osteocalcin, parathyroid hormone levels, and
serum levels of the N-terminal propeptide of type 1 procollagen
(PINP) have been described previously [24, 25].

Statistical analyses

Standard methods were used for tests of correlation and group
difference. The Pearson correlation was used for unadjusted

Table 1 Characteristics of the
MrOS study cohort (n =790)

For fractures, the numbers of
subjects with fractures are given
with the incidence/1,000 person-
years shown within parentheses.
Falls represent self-reported falls
(yes/no) during the 12 months
preceding the baseline visit

sBMD standardized BMD, tHcy
plasma total homocysteine, MCV
mean corpuscular volume

Cases Proportion (%) or median Range

Age (years) 790 75.3 70.5–81.0

BMI (kg/m2) 790 26.1 16.2–43.7

Weight (kg) 790 80.5 48.1–138.3

Height (cm) 790 175.4 155.0–199.3

Total body fat mass (kg) 748 18.1 5.7–38.2

Total body lean mass (kg) 748 59.1 41.8–81.3

sBMD lumbar spine (g/cm2) 789 1.1 0.6–2.0

sBMD femur neck (g/cm2) 782 0.8 0.5–1.5

Serum/plasma parameters

tHcy (μmol/L) 780 14.2 6.4–48.2

S-folate (nmol/L) 739 15.0 5.8–46.0

Hemoglobin (g/L) 786 147.0 83.0–181.0

MCV (fl) 663 94.0 68.0–105.0

Cystatin C (mg/L) 783 1.08 0.67–2.2

Lifestyle factor/falls (%)

Current smokers 789 8.6

Falls 769 14

Subjects with validated incident fractures

All fractures 790 110 (26.1)

Nonvertebral osteoporosis fractures 790 36 (8.2)

Hip fractures 790 17 (3.8)

Clinical vertebral fractures 790 45 (10.2)

Other fractures 790 49 (11.3)
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tests of correlations and the Welch–Satterthwaite t test for test
of differences in mean between two groups. Linear regression
models were used for tests of correlation and group difference
adjusted for potential confounding factors. The distribution of
most of the continuous blood measurements showed consid-
erable skewness and were analyzed after logarithmic transfor-
mation. One outlier value of holoTC, 1,783, was assigned the
value of 950 before taking the log. The data from this single
subject did not significantly influence the overall results. To
explore the association between cobalamins, holoTC, and
prospective risk of fractures, Poisson regression models or
Cox proportional hazards models were used to estimate the
hazard function. Spline functions were used in the risk models
to achieve a flexible description of the association not assum-
ing a constant hazard ratio over the entire range of the risk
factors. The spline Poisson regression model was fitted using
knots at the 10th, 50th, and 90th percentiles, as recommended
by Harrell [26], of cobalamins and holoTC to study the
association between these variables and fracture risk in more
detail. The splines were second-order functions between the
breakpoints and linear functions at the tails resulting in a
smooth curve. Adjustment factors in the risk models included
age, time since baseline, BMI, and BMD and were chosen as
they were considered among the most significant markers for
fracture. Adjusted hazard ratios (HR) per standard deviation
(SD) are given with 95 % confidence intervals (CIs) within
parentheses. Double-sided tests were used throughout, and a
significance level of p <0.05 was regarded as statistically
significant. Software used were a combination of SAS for
Windows, v9.2, SPSS for Windows v17, and a statistical
program package developed at the Community Medicine
and Public Health, University of Gothenburg.

Baseline characteristics of the study subjects

The general characteristics of participants in the study are
presented in Table 1.

Results

Cobalamins, holoTC, and fracture risk

The number and incidence/1,000 person-years of fractures are
shown in Table 1. In total, 110 subjects had at least one
fracture. The group with any incident fracture (n =110) as
well as the subgroup with clinical vertebral fractures (n =45)
had significantly lower mean cobalamins, 311.1 and
278.6 pmol/L, as compared with the remaining nonfracture
subjects, 346.9 and 345.6 pmol/L. In age-adjusted Cox's pro-
portional hazard models, cobalamins was inversely related to
the risk of first fracture (HR, 1.37; 95 % CI, 1.13–1.66/SD
decrease) (Table 2). Subanalyses of fracture types showed that T
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cobalamins were inversely related to risk of both clinical
vertebral and other fractures (all validated fractures minus
nonvertebral osteoporosis fractures and clinical vertebral frac-
tures) with HR of 1.62 (95 % CI, 1.21–2.16) and 1.64 (95 %
CI, 1.23–2.18) increased risk per SD decrease in cobalamins.
After adjustment for confounders that could influence either
risk of fracture or cobalamins (BMI, BMD, falls, prevalent
fracture, tHcy, cystatin C, vitamin D, intake of calcium,
smoking, and physical activity), this inverse association was
still significant (Table 2). There were no statistically signifi-
cant correlations (age adjusted) between cobalamins and hip
fracture (HR, 1.50; 95 % CI, 0.96–2.34) or nonvertebral
fractures (defined as distal radius, hip, proximal humerus,
and pelvis; HR, 1.24; 95 % CI, 0.90–1.72). The group with
any incident fracture (n =110) as well as the subgroup with
clinical vertebral fracture(s) (n =45) had significantly lower
mean holoTC (56.9 and 45.0 pmol/L) than the remaining
nonfracture subjects (63.2 and 63.3 pmol/L). Age-adjusted
Cox's proportional hazard models demonstrated that holoTC
was inversely related to the risk of first fracture with HR of
1.27 (95 % CI, 1.05–1.54/SD decrease) (Table 2). Subanalyses
of fracture types demonstrated that holoTC was inversely re-
lated to risk of clinical vertebral fractures with HR of 1.65
(95 % CI, 1.25–2.19) increased risk per SD decrease in
holoTC. Additional adjustment for BMI, BMD, falls, prevalent
fracture, tHcy, cystatin C, vitamin D, intake of calcium,
smoking, and physical activity only slightly affected this in-
verse association (Table 2). Further adjustment for proton pump
inhibitors use and alcohol intake did not change the results for
either cobalamins or holoTC. HoloTC was not statistically
significantly related to risk of hip fractures (HR, 1.29;
95 % CI, 0.85–1.95), nonvertebral fractures (HR, 1.01;
95 % CI, 0.73–1.40) or other fractures (HR, 1.22; 95 %
CI, 0.92–1.62).

Quartiles of cobalamins and holoTC are presented in
Table 3. Men in the lowest quartile of cobalamins and holoTC

had, adjusted for age, an increased risk of all fractures (HR,
1.81 (95 % CI, 1.21–2.72/SD decrease) and 1.89 (95 % CI,
1.26–2.84 per SD decrease)) compared with quartiles 2–4.
Corresponding figures for vertebral fracture were HR at 2.14
(95 % CI, 1.13–4.05) and 2.58 (95 % CI, 1.39–4.80). Further
adjustment for BMD did not have a major impact on the
results (Table 4). The results were somewhat attenuated when
further adjustment for BMI, falls, prevalent fracture, tHcy,
cystatin C, vitamin D, intake of calcium, smoking, and phys-
ical activity were performed, and the association between
cobalamins and clinical vertebral fractures did not reach sta-
tistical significance (Table 4).

Spline models of the association between cobalamins,
holoTC, and risk of fractures

Further evaluation of the association between cobalamins,
holoTC and yearly incidence of fractures using spline models
adjusted for age, BMI, BMD, cystatin C, and tHcy was
performed (Fig. 1a, b). This demonstrated that both
cobalamins and holoTC below the median (310 and
51.8 pmol/L) was inversely related to incidence of fractures.
The highest risk of fracture was seen for the 10 % of the
subjects with cobalamins of <200 pmol/L and holoTC of
<29.1 pmol/L.

Cobalamins, holoTC in relation to Hb, iron status, and renal
function

The proportion in the TSG of subjects with “low” serum
concentrations of cobalamins (<140 pmol/L) were 1.7 and
25.6 % (<258 pmol/L) [27]. HoloTC of <19.6 pmol/L were
seen in 3.1 % [28].

HoloTC correlated with cobalamins (r =0.69, p <0.001)
and folate (r =0.19, p <0.001) and was negatively correlated
with tHcy (r =−0.24, p <0.001) but no correlations with he-
moglobin (Hb), erythrocyte mean corpuscular volume,
cystatin C, serum iron, ferritin, or transferrin saturation were
seen [28]. Age-adjusted partial correlations between
cobalamins/holoTC, folate, tHcy, and biochemistry/BMD/
physical performance are shown in Table 5.

Vitamin B status in relation to BMD, falls, lifestyle,
and physical performance ability

There were no partial correlations between cobalamins,
holoTC, and BMD in age-adjusted models. In age-adjusted
linear regression analysis, quartiles 1 and 2 of holoTC were
associated with lower lumbar spine L1–4 BMD compared to
quartiles 3 and 4 (β =−0.03, p =0.028), but no associations
with the hip sites were seen. This correlation was significant
even after stepwise adjustment for smoking, BMI, falls,
prevalent fracture, tHcy, cystatin C, 25-OH-vitamin D, intake

Table 3 Quartiles of cobalamins and holotranscobalamin (holoTC) in
the MrOS study cohort (n =790)

Cases Mean(SD)

Cobalamins (pmol/L)

Q1(79–250) 191 203.0 (37.9)

Q2 (251–310) 184 283.7 (18.5)

Q3 (311–390) 181 350.3 (23.3)

Q4 (391–1,480) 189 530.4 (181.6)

HoloTC (pmol/L)

Q1 (6.11–38.87) 195 29.2 (7.5)

Q2 (38.88–51.77 196 45.1 (3.8)

Q3 (51.78–68.91) 195 60.0 (4.9)

Q4 (68.92–1,783.00) 195 115.1 (140.0)
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of calcium, and physical activity (data not shown). There were
no such associations between cobalamins and BMD.

Of 14 % (108/769 men), reported at least one fall during
the year preceding the baseline visit. There were no differ-
ences in mean cobalamins (p =0.10), holoTC (p =0.08), folate
(p =0.22), or tHcy (p =0.55) between fallers and nonfallers in
age-adjusted regression analysis. Both holoTC and cobalamin
correlated positively with intake of calcium (r =0.18,
p <0.001 and r =0.21, p <0.001, respectively). Therewere few
and weak associations between vitamin B status and lifestyle
factors/physical performance as shown in Table 5. Subjects
with serum cobalamin of <200 pmol/L had significantly lower
intake of calcium compared with subjects with cobalamin of
>200 pmol/L (793.7 vs 929.2 mg/day, p <0.05), but there
were no differences between the two groups regarding age,
renal function, previous fracture, falls, smoking habits, prev-
alence of diabetes, stroke, myocardial infarction, or cancer
(data not shown).T
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Fig. 1 a The hazard function of fracture (momentary risk) and 95 %
confidence intervals according to cobalamin for a man aged 75 years after
2 years of follow-up. BMI, BMD, tHcy, and cystatin C is set to average
value of the cohort. The vertical lines represent the 10th, 25th, 50th, and
the 90th percentiles. b The hazard function of fracture (momentary risk)
and 95 % confidence intervals according to holoTC for a man aged
75 years after 2 years of follow-up. BMI, BMD, tHcy, and cystatin C is
set to average value of the cohort. The vertical lines represent the 10th,
25th, 50th, and the 90th percentiles
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Vitamin B substitution and incident fractures

To evaluate any correlation between B vitamin substitution
and fracture incidence, subjects with ongoing medication with
B vitamin supplements (n =108) or pharmacological doses of
vitamin B12, folic acid and/or vitamin B6 (n =99) or

combination of both (n =13) at start of the study (n =220;
hereinafter described as vitamin B substituted subjects) were
included in addition to the TSG (n =790).

Vitamin B substituted subjects were older (75.9 vs
75.1 years, p <0.01), had lower BMI (25.8 vs 26.3 kg/m2,
p <0.05), Hb (143.6 vs 147.5 g/L, p <0.001), tHcy (11.8 vs

Table 5 Age-adjusted partial correlations (Pearson correlation coefficient; n=790) among cobalamins, holotranscobalamin (holoTC), plasma total
homocysteine (tHcy), and S-folate and on the other hand biochemistry, fallers, lifestyle factors, and habitual physical activity

HoloTC (pmol/L) Cobalamins (pmol/L) tHcy (μmo/L) S-folate (nmol/L)

r P value r P value r P value r P value

Smoking 0.01 0.86 −0.01 0.75 0.02 0.61 −0.06 0.12

Weight (kg) −0.03 0.34 −0.09 0.014 0.12 0.001 −0.09 0.016

Height (cm) −0.04 0.24 −0.04 0.32 0.02 0.58 0.06 0.13

Total body lean mass (kg) −0.03 0.35 −0.07 0.07 0.07 0.065 −0.05 0.15

Total body fat mass (kg) 0.01 0.94 −0.07 0.05 0.11 0.002 −0.05 0.15

BMI (kg/m2) −0.02 0.52 − 0.09 0.018 0.12 <0.001 −0.13 <0.001

sBMD lumbar spine 1–4 (g/m2) 0.06 0.12 −0.01 0.91 0.11 0.002 − 0.09 0.015

sBMD femoral neck (g/m2) 0.05 0.19 0.01 0.94 0.05 0.16 0.01 0.75

S25-OH-vitamin D (nmol/L) 0.06 0.07 0.08 0.027 −0.03 0.35 0.10 0.006

Calcium (mmol/L) 0.06 0.07 0.08 0.021 0.05 0.14 0.01 0.70

Intake of calcium (mg/day) 0.18 <0.001 0.21 <0.001 −0.05 0.21 −0.01 0.92

ALP (μkat/L) −0.01 0.94 0.06 0.12 0.05 0.20 −0.05 0.14

PTH (pmol/mL) −0.02 0.58 −0.04 0.28 0.15 <0.001 −0.05 0.20

Osteocalcin (μg/L) −0.02 0.62 0.01 0.80 0.02 0.65 −0.05 0.17

PINP (μg/L) −0.04 0.29 0.05 0.17 −0.04 0.29 - 0.11 0.005

Creatinine (μmol/L) 0.09 0.009 0.03 0.48 0.43 <0.001 −0.02 0.65

Cystatin C (mg/L) 0.08 0.03 0.01 0.74 0.39 <0.001 −0.05 0.19

Fallers 0.07 0.07 0.06 0.10 0.02 0.57 −0.05 0.20

Walk −0.02 0.62 0.06 0.14 −0.05 0.20 0.05 0.15

Physical training

Light −0.02 0.54 −0.01 0.90 0.04 0.25 −0.02 0.52

Moderate −0.01 0.80 −0.03 0.37 −0.08 0.032 0.04 0.28

Heavy 0.01 0.95 0.03 0.50 −0.10 0.007 0.09 0.013

Strength training 0.06 0.09 0.06 0.10 −0.03 0.38 0.16 <0.001

Physical activity 0.03 0.44 0.07 0.048 −0.08 0.023 0.13 <0.001

Housekeeping light 0.05 0.16 0.08 0.041 −0.05 0.13 0.04 0.31

Housekeeping heavy −0.01 0.90 0.08 0.041 −0.09 0.012 0.05 0.23

Home repairs 0.08 0.020 0.08 0.032 −0.03 0.39 0.04 0.28

Moderately heavy garden work 0.01 0.98 −0.02 0.57 −0.02 0.63 0.01 0.78

Gardening −0.02 0.53 −0.02 0.50 −0.02 0.52 0.01 0.85

Taking care of another person −0.01 0.71 0.01 0.87 −0.02 0.52 −0.01 0.86

Participate in household activity 0.02 0.50 0.05 0.21 −0.06 0.08 0.03 0.36

6-m walking test (m/s) 0.01 0.65 0.05 0.15 −0.18 <0.001 0.09 0.015

Time stand test (s) 0.01 0.91 −0.01 0.86 0.18 <0.001 −0.09 0.08

Strength hand grip (kg) −0.03 0.39 −0.01 0.78 −0.04 0.29 −0.01 0.83

Balance test (s) −0.03 0.56 0.01 0.88 −0.16 0.002 0.17 0.002

Variables are log transformed if appropriate. Statistical significant correlations are marked in italics

sBMD standardized BMD, PTH parathyroid hormone levels, PINP N-terminal propeptide of type 1 procollagen
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15.0 μmol/L, p <0.001), and higher cystatin C (1.16 vs
1.12 mg/L, p <0.05) compared with nonvitamin B-substituted
subjects (n =790).

This population was then divided into three groups; sub-
jects with holoTC of <38.9 pmol/L (the lowest quartile of
holoTC, n =195), subjects with holoTC of ≥38.9 pmol/L
(quartiles 2–4, n =586) and vitamin B substituted subjects
(n =220). The fracture incidence during follow-up in these
three groups were 20 % (39/195), 11.8 % (69/586), and
19.1 % (42/220), respectively. Subjects with the lowest inci-
dence of all fractures (quartiles 2–4 of holoTC) were used as
reference group. Vitamin B-substituted subjects had an in-
creased risk of fracture (HR, 1.70; 95 % CI, 1.14–2.52), age
adjusted, compared with the reference group. However, when
adjusted for age, smoking, BMI, BMD, falls, prevalent frac-
ture, tHcy, cystatin C, 25-OH-vitamin D, intake of calcium,
and physical activity, the increased risk of fracture for vita-
min B substituted subjects was no longer significant (HR,
1.40; 95 % CI, 0.91–2.15).

Folate, tHcy, and fracture risk

No significant differences in mean tHcy or folate between
fracture and nonfracture subjects were observed (data not
shown). There were no correlations between folate, tHcy,
and incident fracture either for overall fractures (HR, 1.17
(95 % CI, 0.97–1.40) and 1.0 (95 % CI, 0.83–1.21)) or as
analyzed by fracture subtype.

Discussion

In this study of community-dwelling elderly men, low con-
centrations of cobalamins and holoTC correlated indepen-
dently to increased risk of fracture, after adjustment for pos-
sible covariates, such as smoking, BMI, tHcy, renal function,
BMD, previous fractures, falls, physical performance, serum
25(OH)D, and intake of calcium. Decision limits for cobala-
min deficiency as defined by total serum cobalamins are not
easily defined. There is a large grey zone, ranging from about
140 to 258 pmol/L [27]. When using these limits for total
serum cobalamins in our cohort, the prevalence of cobalamin
“deficiency” ranged from 2 to 25 %.

However, we also used plasma holoTC, which is consid-
ered the most sensitive marker for early cobalamin depletion
[29]. It is noteworthy that the “lowest effective” cobalamin
levels to ameliorate fracture risk as interpreted from the spline
regression models of our data corresponds to the median
values for cobalamin and holoTC concentrations calculated
for this essentially “nondeficient” population. Our results
point to correlations between cobalamin status and fractures
in the low but traditionally “noncobalamin-deficient” range,
which to our knowledge is a novel finding. This might

indicate that bone tissue actually requires higher plasma levels
of cobalamins for normal homeostasis than, e.g., for
hematopoiesis.

The pathophysiological mechanism(s) by which insuffi-
cient cobalamin status might affect normal bone metabolism
are yet to be elucidated. We found no correlations between
cobalamin/holoTC and the bone formation markers in agree-
ment with some [30] but not with others [3, 31]. In vitro
studies using receptor activator of NF-kB ligand (RANKL)-
stimulated human peripheral blood monocytes cultured on
dentine slices have shown that decreasing concentrations of
cobalamins results in increased formation of resorption pits
[32]. It was not investigated if this was due to increased
osteoclast formation or bone resorbing activity. A study using
mouse bone marrow macrophages reported that cobalamins
did not affect RANKL-stimulated osteoclast differentiation
[33], indicating that cobalamins might influence osteoclast
acitivity rather than formation. Cobalamins seem to have no
effect on osteoblastic differentiation of multipotent human
bone marrow stromal cells [33] or on the bone-forming activ-
ity of human osteoblasts isolated from trabecular bone [34].

Studies on the association between cobalamins and BMD
(as well as tHcy-BMD) have shown diverging results [5,
35–37], possibly due to varying degrees of cobalamin deple-
tion in the populations investigated and the poor specificity of
cobalamins as a measure of cobalamin depletion. In the pres-
ent study, quartiles 1 and 2 of holoTC (but not cobalamins)
were associated with lower lumbar spine BMD and holoTC
was related to incident clinical vertebral fractures.We did only
find associations between holoTC and cobalamins and on the
other hand all fractures (n =110), vertebral fractures (n =45),
and for cobalamins also other fractures (n =49), but not at sites
typically associated with osteoporotic fractures like
nonvertebral osteoporotic fractures (n =36) including hip frac-
tures (n =17). In nonvitamin B-treated subjects, cobalamins
were further positively correlated with serum 25-OH-vitamin
D and intake of calcium, holoTC with the latter, indicating an
insufficient diet with respect to bone health. Falling is a well-
known risk factor for fracture. Cobalamin deficiency is asso-
ciated with peripheral neuropathy and poor locomotor func-
tion [38]. Thus, low cobalamin stores might cause increased
fractures by increasing the risk of falling. However, neither
cobalamins nor tHcy were associated with falls, in accordance
with other studies [31], and we found very few correlations
between cobalamins and variables of physical performance.

Subjects with ongoing medication with B vitamin supple-
ments or pharmacological doses of vitamin B12, folic acid,
and/or vitamin B6 (n =220) at the start of the study had a
higher risk of incident fractures compared with subjects with
holoTC of ≥38.9 pmol/L(quartiles 2–4 of holoTC) and no B
vitamin substitution. However, vitamin B-substituted subjects
were older, had lower BMI and Hb levels, and higher cystatin
C, i.e., factors that reflect morbidity, furthermore, when fully
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adjusted, the increased risk for fracture was attenuated and no
longer significant. We cannot from these retrospective data
conclude whether cobalamin treatment per se is beneficial or
not. In a French study of 1,482 older men and women, higher
intake of cobalamin was related to a lower risk of wrist and hip
fracture [39] and fracture incidence was reduced in stroke
patients after cobalamin and folate treatment [11]. Notably,
cystatin C has recently been shown as an independent risk
factor for hip fracture in women [40] and as the vitamin
B-substituted subjects (n =220) had a slightly worse renal
function compared with nonvitamin B-substituted subjects
(n =790), this might have contributed to the increased risk of
fracture in this group.

We did not find any association between tHcy and risk of
fracture, in contrast with some other studies [6, 7, 9, 41, 42].
However, in the Framingham cohort [9], when adjusting for
cobalamin, this association was no longer significant. Further-
more, in this study low concentrations of cobalamins
(<148 pmol/L) were associated with increased risk of hip
fracture, however when adjusting for BMD and tHcy, no
statistical significance was seen [9].

As discussed above, reduced renal function increases the
risk of fracture [43, 44] and the effect of renal function on
tHcy levels has been proposed to contribute to this association
[42]. Our data do not support an association between tHcy and
fracture risk, but rather a relationship between cobalamins and
fracture, further supported by a connection between low
holoTC and BMD.

Our study might have several limitations. First, this study
was restricted to Swedish men and thus possibly not general-
izable to other ethnic groups or women. Second, the men
included in this study had to be able to walk without aid and
therefore possibly representing a healthier subgroup than the
general population. This might have contributed to the fact
that we did not find any correlations between physical perfor-
mance and cobalamin status.

A further limitation is the cross-sectional character of the
study with single measurement of cobalamins and holoTC.
An additional limitation was that trauma severity was not
taken into account in fracture ascertainment, even though falls
were registered and adjusted for in various analyses. The
strength of our study is the prospective evaluation of incident
fractures in a relatively large population, considering relevant
confounding factors, such as BMD, cystatin C, and tHcy.

In conclusion, we found, in nonvitamin B-treated elderly
men, a correlation between cobalamin status, as measured
with both cobalamins and holoTC, and increased fracture risk,
independent of other established risk factors for osteoporosis.
The mechanism(s) by which cobalamin interacts with bone
tissue needs to be further elucidated. Whether “low” cobala-
min status represents a modifiable risk factor for osteoporotic
fractures in the elderly should be the subject of future
intervention studies.
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