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Abstract Introduction: We wanted to examine whether
the features of the metabolic syndrome carried an increased
risk of non-vertebral fracture. Methods: This is a popula-
tion-based, 6-year follow-up of 27,159 subjects from the
municipality of Tromsø, followed from 1994 until 2001.
Age range was 25–98 years. Non-fasting serum levels of
high-density lipoprotein (HDL), triglycerides and glucose,
blood pressure (BP), weight and height were measured at
baseline. All non-vertebral fractures were registered by com-
puterised search in radiographic archives. Results: A total
of 1,249 non-vertebral fractures were registered. Increas-
ing number of metabolic syndrome features was associated
with significantly reduced fracture risk in both men and
women, p= 0.004 and p<0.0001, respectively. High BP
was protective against fracture in men [relative risk (RR)
0.89; 95% confidence interval (CI) 0.8–0.99)] while in-
creased body mass index (BMI) was protective in women
(RR 0.91; 95% CI 0.84–0.98). Increasing non-fasting
serum levels of HDL increased fracture risk in women (RR
1.12; 95% CI 1.05–1.21). BMI modified the effect of HDL
in men. Accordingly, high HDL increased fracture risk in
men with high BMI (RR 1.51; 95% CI 1.2–1.9).

Conclusions: Increasing burden of metabolic syndrome
features protects against non-vertebral fractures. Reduced
non-vertebral fracture risk was associated with high BP in
men and increased body mass in women. Lower non-
fasting serum levels of HDL protect against fractures in
women and obese men.
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Introduction

Apart from body mass index (BMI), little is known about
the relationship between metabolic disturbances or features
of the metabolic syndrome and the risk of non-vertebral
fractures. No significant association has been found
between diastolic/systolic blood pressure (BP), total cho-
lesterol, triglycerides and glucose and the incidence of hip
fracture [1]. Some studies have used the surrogate endpoint
bone mass density with conflicting results. In one study, BP
was associated with increased bone loss at the femoral neck
[2]. Another study found that systolic and diastolic BP,
serum triglycerides, blood glucose, BMI and waist-to-hip
ratio were positively associated with bone density
(p<0.001), and high-density lipoprotein (HDL) and serum
cholesterol were negatively associated with bone density
[3]. This indicates a possible protective effect of the
metabolic syndrome on fracture risk, which is supported by
one study showing that women with postmenopausal
fractures had lower BMI and higher serum levels of HDL
than those without fractures [4]. Although the metabolic
syndrome is an important risk factor for diabetes [5],
increased fracture risk among diabetics has been reported
in some [1, 6, 7] but not all studies [8, 9]. We wanted to
estimate the risk of non-vertebral fracture associated with
the features of the metabolic syndrome in a large, popu-
lation-based, follow-up of 27,159 people aged 25–98 years
at baseline, independent of other known risk factors.
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Material and methods

Study population

The Tromsø study is a population-based cohort study with
five repeated health surveys since 1974. In the fourth
Tromsø survey (1994/95), all residents of the Tromsø
municipality born 1969 or earlier were invited to the first
phase of the survey. Among the 37,559 persons invited,
2,139 persons died or moved before their scheduled phase I
examination. The eligible population was therefore 35,420
persons, and 27,159 (77%) participants attended the phase I
examination of the survey and answered the relevant
questionnaires. All subjects aged 55–74 and random 5–
10% samples of all other age groups were invited to a
second visit for more extensive screening. A total of 7,694
subjects attended the second phase of the survey [10].

Registration of exposure variables and confounding
factors

The first questionnaire was printed on the reverse side of a
letter of invitation. At the health examination, a trained
nurse checked the questionnaire for inconsistency. The
questionnaire included, among others, questions about
having diabetes mellitus, myocardial infarction, angina
pectoris, hypertension and use of drugs such as hyperten-
sion medications, lipid-lowering drugs (only for those
younger than 70 years) and cortisone tablets, in addition to
risk factors such as physical activity and smoking habits
[11]. The examination included standardised measure-
ments of BP, weight, height and non-fasting serum lipids.
Height and weight were measured in light clothing without
shoes to the nearest centimetre/kilogram. Among informa-
tion collected in the second phase, non-fasting serum
glucose levels and waist circumference in centimetres were
measured and the time since last meal was reported. All
levels of serum lipids and glucose were measured in
millimoles per litre.

The metabolic syndrome criteria were defined using the
National Cholesterol Education Program (NCEP) Adult
Treatment Panel III [12]. Accordingly, the criteria are:

1. Hypertension; BP ≥130/85 and/or medication
2. Hypertriglyceridemia; triglycerides >1.695 mmol/l
3. Low HDL cholesterol; <1.036 mmol/l (men),

<1.295 mmol/l (women)
4. Central obesity; waist circumference >102 cm (men),

>88 (women)
5. Fasting plasma glucose > 6.1 mmol/l

Measurements for the last two criteria were available
only for participants attending the second phase. BMI was
used instead of waist circumference, as both were possible
alternatives in other studies [13, 14]. In this study, the cut-
off values for BMI were calculated as the mean BMI values
in men and women with waist circumference of 102 and
88 cm, respectively, among those who attended the second
phase. Accordingly, BMI >28.3 for men and >27 for

women was used. The last criterion was valued positive if
non-fasting glucose level was ≥11, ≥10 or ≥6.1 mmol/l and
the time since last meal was >1, >2 or >8 h, respectively.
Mean BP was calculated using the formula (systolic BP+
diastolic BP*2)/3.

A complete validated register of cases of diabetes
mellitus was available. Cases of diabetes mellitus were
identified by review of medical records of all participants
who:

1. Reported diabetes mellitus or age when diagnosed in
the fourth survey

2. Reported use of anti-diabetic drugs in the fourth survey
3. Reported diabetes mellitus in the second, third and fifth

surveys
4. Had elevated HbA1c (≥6.5) level in the fourth or fifth

surveys
5. Were registered with a diabetes-related diagnosis in the

medical records

Out of 756 possible cases of diabetes mellitus, 646
subjects were confirmed to have diabetes; of them, 455
subjects had the disease before the start of follow-up and
the other 191 subjects developed the disease during the
follow up.

Fracture registration

Our fracture registry is based on the radiographic archives
at the University Hospital in Tromsø. The nearest alter-
native radiographic service or fracture treatment facility is
located 250 km from Tromsø. The only fractures that
would be missed are fractures occurring while inhabitants
were travelling and no control radiographic examination
was done after returning home as well as fractures not
radiographically examined. The computerised records in
the radiographic archives of the hospital contain codes for
different information about fractures in addition to the
national personal identification number and time of inves-
tigation. All fracture-coded radiographic examinations
performed on participants of the fourth survey were reviewed
to ascertain fracture code, identify exact anatomical lo-
cation of the fracture and distinguish consecutive fracture
cases from one another. Similar registration for participants
in the second and third surveys was performed, validated
and described by Joakimsen et al. [15].

For our target population, the fracture registry covered
the period between 1 January 1994 and 31 December 2000.
Follow-up time was assigned for each participant from the
date of phase I examination to the date of first fracture or to
31 December 2000.

Statistics and analysis

The relative risk (RR) of fracture was calculated using Cox
proportional hazard model in the SAS statistical package
[16]. All subjects with a missed value for any criteria of the
metabolic syndrome were excluded (n=168). Data are
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presented stratified by gender. Differences in means
between groups were tested using age-adjusted general
linear models. Subjects were given a score of 1 for each
feature of the metabolic syndrome (based on the NCEP
definition) and grouped according to number of features.
All variables were included in one model to assess their
independent effects on fracture risk. First, the variables
were entered in continuous forms then in dichotomous
forms based on cut-off points defined by the NCEP defi-
nition of the metabolic syndrome to assess linear trends and
threshold effects. The metabolic features were ranked in
quartiles, and linear trends of the risk of fractures assessed.
Interaction terms between variables were tested. Models
were stratified by statistically significant (p<0.05) inter-
acting variables. Stratification was based on the cut-off
point determined by the NCEP definition of the interacting
variable. Risks associated with elevated non-fasting serum
glucose adjusted for time since last meal were measured
among those attending the second phase of the survey only.
Multi-variate models of the continuous and dichotomous
forms of variables were adjusted for age, diabetes mellitus,
smoking and physical activity. Each model including
quartiles of one metabolic feature was adjusted for the
other features in their continuous forms in addition to age
and diabetes mellitus.

Results

A total of 446 and 803 non-vertebral fractures were
registered among 12,866 men and 14,293 women, respec-
tively. After excluding all subjects with missed mea-
surements of any metabolic syndrome criteria, 438 men
out of 12,780 and 789 women out of 14,211 suffered non-

vertebral fractures. Among 227 men and 228 women with
validated diabetes mellitus, there were 51 and 30 type I
diabetics, respectively. Table 1 show the characteristics of
the total study population, non-diabetics and type II diabetics
stratified by gender. Generally, there were significant age-
adjusted differences at baseline between non-diabetics and
type II diabetics with respect to BP and non-fasting serum
lipids profiles, except for diastolic BP, mean BP and
cholesterol in men. There were no significant differences
between total population and non-diabetic groups, as they
were largely overlapping, apart from age in both men and
women. Those with non-fasting HDL levels below the
gender-specific cut-off points, 1.4% and 0.92% reported
using lipid-lowering drugs in men and women, respectively.
The same percentages for subjects with non-fasting tri-
glycerides levels above cut-off point were 1.81% and 1.77
for men and women, respectively.

Figure 1 shows the adjusted relative risk of non-vertebral
fractures by the burden of metabolic syndrome features
(BP, HDL, triglycerides and BMI), as defined earlier.
Although less linear for men, the trends were significant for
both genders (p=0.004 men,p<0.0001 women). Accord-
ingly, men and women with the metabolic syndrome
defined by having three or more of these criteria were
protected against fractures (RR 0.71; 95% CI 0.51–0.99\
and RR 0.66; 95% CI 0.53–0.82, respectively).

Figure 2 shows the relative risk of non-vertebral fracture
by quartiles of mean BP, HDL, triglycerides and BMI in
men and women in multi-variate models adjusted for age
and diabetes mellitus. Due to a significant interaction be-
tween HDL and BMI in men, fracture risk was estimated in
stratified models for these variables. There was a trend of
significantly reduced fracture risk by increasing mean BP
among men only (p=0.04). Increasing levels of HDL

Table 1 Baseline characteristics of men and women in the fourth survey 1994–1995 (The Tromsø Study)

Men Women

Total
population

Non-diabetics Type II
diabetics

Total
population

Non-diabetics Type II
diabetics

Number 12,780 12,557 172 14,211 13,985 196
Total number of fractures 438 425 8 789 764 22
Number of fractures by locationa 72/84/29/43/80 65/82/27/42/79 4/1/1/1/1 175/359/83/30/59 162/349/81/30/58 12/10/1/0/1
Age 46.7±0.13 46.4±0.13 64.1±0.85b 47.2±0.13 46.9±0.13 68.1±0.81b

Diastolic blood pressure 80.0±0.1 80.0±0.11 84.8±0.95 76.4±0.11 76.3±0.11 88.0±1.2c

Systolic blood pressure 137.5±0.15 137.3±0.15 150.5±1.7c 132.3±0.19 131.9±0.19 164.9±1.9c

Mean blood pressure 99.2±0.11 99.1±0.11 106.7±1.11 95.1±0.13 94.8±0.13 113.6±1.35c

High-density lipoprotein (HDL) 1.34±0.003 1.35±0.003 1.23±0.03c 1.64±0.003 1.64±0.003 1.39±0.03c

Cholesterol 6.05±0.01 6.04±0.01 6.47±0.1 6.05±0.01 6.04±0.01 6.75±0.09c

Triglycerides 1.77±0.01 1.76±0.01 2.34±0.1c 1.35±0.01 1.3±0.01 2.44±0.11c

Body mass index (BMI) 25.6±0.03 25.6±0.03 28.0±0.3c 24.8±0.04 24.7±0.04 29.4±0.42c

Data are means±standard error
Blood pressure measured in mmHg. High density lipoprotein (HDL), cholesterol and triglycerides level are measured in mmol/l
Body mass index (BMI) measured in kg/m2

aHip/ wrist/ proximal humerus/ankle/foot fracture
bMean difference between non-diabetics and type II diabetics, p value <0.0001
cAge-adjusted mean difference between non-diabetics and type II diabetics, p value <0.0001
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increased fracture risk significantly in men with BMI
greater than 28.3 kg/m2 (p=0.046) whereas among women,
increased fracture risk by increasing HDL (p=0.023) and
reduced fracture risk by increasing BMI (p= 0.004) were
unaffected by each other.

Accordingly, in women, the independent risk of non-
vertebral fractures associated with one standard deviation
change in each feature of the metabolic syndrome was
significantly increased for increasing level of HDL (RR
1.12; 95% CI 1.05–1.21) and decreased for increasing BMI
(RR 0.91; 95% CI 0.84–0.98). In men, the non-vertebral
fracture risk was independently decreased for increasing

mean BP (RR 0.89; 95% CI 0.8–0.99) and increased for
increasing level of HDL with high BMI (RR 1.51; 95% CI
1.2–1.9). In men with low levels of HDL, increasing BMI
decreased fracture risk without reaching statistical sig-
nificance (RR 0.77; 95% CI 0.6–1.01).

When applying the NCEP definition of the metabolic
syndrome on the features in multi-variate models, only
women had independently reduced fracture risk associated
with high triglycerides and BMI, as shown in Table 2.
Among men, although there was interaction between HDL
and BMI, stratifying the model by BMI did not show
significant association between dichotomised HDL and
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fracture risk in men with high BMI. Adjusting the models
for hypertension treatment did not alter the association
between BP and fracture risk in either men or women.
Including only those treated for hypertension, the analysis
showed non-significant 30% and 18% fracture risk reduc-
tion in men and women, respectively. Further adjustment
for medications such as oral steroids and lipid-lowering
drugs (only among those younger than 70 years) did not
alter the risk estimates although using lipid-lowering drugs
independently protects against fractures only in women
(RR 0.11; 95% CI 0.01–0.8).

In separate analyses restricted to those attended the second
phase of the survey, elevated non-fasting serum levels of
glucose in both continuous and dichotomous forms showed
no association with non-vertebral fracture risk in both men
and women. Limiting the analysis to type II diabetics, no
association was found between features of the metabolic
syndrome and non-vertebral fracture risk (Table 3). However,
including those who developed type II diabetes after the start
of follow–up (n=191) to the diagnosed type II diabetics
showed a borderline significant >50% reduction in fracture

risk associated with hypertriglyceridemia (p=0.053) in
women.

Discussion

There was a significant protective effect against non-
vertebral fractures by increasing burden of metabolic syn-
drome features. We found reduced risks of non-vertebral
fractures with increasing BP in men and for increasing BMI
in women, and an increased risk of fractures with increasing
levels of HDL among women and obese men.

Bias considerations

This study included a large numbers of men and women
with a wide age range at base line. The external validity
refers mainly to a Caucasian population. The potential for
selection bias was limited, with 77% of the eligible popu-
lation included in the analyses. With the prospective design
of this study, risk factors included were measured and/or
classified without knowledge of future risk of fractures.
The limited power constitutes a major limitation in this
study with respect to the analyses among type II diabetics.
Interpretation of results were limited to the effect of non-
fasting serum levels of HDL and triglycerides on non-
vertebral fracture risk. With respect to non-fasting glucose,
interpretation of results was limited mainly to men and
women older than 55 years.

Burden of metabolic syndrome features To our knowledge,
our study is the first to report a reduced risk of non-
vertebral fractures by increasing number of the metabolic
syndrome features. Features of the metabolic syndrome
included were BP, HDL, triglycerides and BMI. For those
with one feature, men were more protected than women.
The high number of hypertensive men and women in this
category explains the difference, as hypertension protects
significantly against fractures in men only.

Blood pressure In the study by Cappuccio et al., higher BP
in elderly women (66–91 years) was associated with
increased bone loss at the femoral neck [2] while Lidfeldt
et al. found diastolic and systolic BP to be positively
associated with bone density (wrist) among women (50–
59 years) [3]. One Canadian study found hypertension to
be associated with higher BMD values in men and women
50 years of age and older [17]. As most fractures occur in
those aged >65 years and BP increases with age, an
increased risk of fractures for increasing BP should be
expected. On the contrary, we found no risk associated
with increasing BP in women and a protective effect in
men. Although higher risk of falls due to episodes of
hypotension could be expected among hypertensive-
treated patients, adjusting for treatment did not affect the
association between hypertension and fracture risk. More-

Table 2 Relative risk (RR) and 95% confidence interval (CI) of
non-vertebral fractures for abnormal values of features of the
metabolic syndrome as defined by the National Cholesterol
Education Program (NCEP 2001) in gender-specific multi-variate
models adjusted for age, diabetes mellitus, smoking and physical
activity (The Tromsø Study)

Men Women

BP ≥130/85 0.81 0.95
0.65–1.01 0.81–1.11

HDL<1.036 mmol/l (men) 0.89 0.83
<1.295 mmol/l (women) 0.68–1.17 0.68–1.01
Hypertriglyceridemia 0.96 0.83
≥1.695 mmol/l 0.78–1.18 0.7–0.99
BMI >28.3 (men) 0.79 0.81
>27 (<women) 0.6–1.03 0.68–0.95

Table 3 Relative risk and 95% CI of non-vertebral fractures for
abnormal values of features of the metabolic syndrome as defined by
the National Cholesterol Education Program (NCEP 2001) among
type II diabetic in sex specific multivariate models adjusted for age,
smoking and physical activity (The Tromsø Study)

Men Women

Blood pressure≥130/85 1,84 1,02
0,35–9,65 0,39–2,66

HDL<1,036 mmol/l (men) 0,95 0,7
<1,295 mmol/l (women) 0,17–5,43 0,28–1,74
Hypertriglyceridemia 0,92 0,68
≥1,695 mmol/l 0,2–4,27 0,28–1,68
BMI>28,3 (men) 0,37 1,29
>27 (women) 0,01–2,0 0,5–3,29
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over, low fracture risk was observed among those using
treatment for hypertension although it was not significant.

High-density lipoprotein HDL has been shown to be
negatively associated with bone density [3], and as
expected, our results showed a high risk of non-vertebral
fractures associated with increasing levels of HDL in
women and men with high BMI. One possible explanation
for this phenomenon in women could be that an un-
balanced diet severely limiting calcium intake in order to
correct serum levels of cholesterol is a risk factor for
postmenopausal osteoporosis and wrist fractures, as found
by Varenna et al. [18]. However, the interpretation of our
results should be carefully considered, as only non-fasting
levels of HDL were used. Why HDL in men is associated
with increased fracture risk in the obese only needs further
studies.

Triglycerides Triglycerides have been shown to have a
positive association with bone density among women [3],
which is in accordance with the protective effect on
fracture risk of high triglyceride levels for women in our
study. Increasing levels of triglycerides was not associated
with fracture risk in men. As non-fasting levels of tri-
glycerides were used in this study, further studies includ-
ing fasting levels are needed to justify out results.

Body mass index The association between BMI and
fracture risk was consistently negative among women,
which supports earlier findings [19–23]. Among men,
there was non-significant association between BMI and
fracture risk; but when stratified by HDL levels, risk
estimates suggested much lower risk (with borderline
significance) in those with low HDL levels only. Although
higher impact of a trauma is expected with increased body
mass, the lower fracture risk among the obese is thought to
be associated with protective layers of fat padding around
skeletal structures and better bone mass [19, 21].

Glucose Previous studies have suggested an effect of
glucose on bone metabolism; however, conflicting results
were reported [24–27]. Our findings showed no significant
association between non-fasting glucose levels and frac-
ture risk; however, the interpretation of such findings will
be limited to non-fasting levels in older men and women.

Type II diabetes mellitus The new knowledge about
features of the metabolic syndrome opens up the
possibility for solutions to the conflicting results regarding
diabetes mellitus, bone mass and fracture risk. Despite the
high risk of fractures among type II diabetic women
described previously [6, 7], hyperinsulinemia associated
with the metabolic syndrome may be responsible for
increased bone density [3, 28]. Our findings show that the
risk of fracture associated with type II diabetes is not
explained by the metabolic abnormalities preceding the
disease. As the other metabolic features, apart from
impaired glucose metabolism, are protective or indifferent
with respect to fractures, other factors, such as glucose

intolerance, effect of medications and other patho–phys-
iological mechanisms should be considered when inves-
tigating the fracture risk associated with type II diabetes.

Conclusion

Increasing burden of metabolic syndrome features signifi-
cantly protect against non-vertebral fractures. Increasing BP
in men and BMI in women and decreasing non-fasting
serum levels of HDL in women and obese men reduce the
risk of non-vertebral fractures.
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