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Objective:  To  evaluate  the  prevalence  of  biological  abnormalities  leading  to  secondary  osteoporosis  in
recently  fractured  patients.
Methods:  Adults  older  than  50,  hospitalized  for  a non-vertebral  fracture  from  July 2015  to  October  2016,
were  assessed  for bone  fragility  contributors  in the  orthopedics  department.  Bone  mineral  density  (BMD)
measurements  and  vertebral  fracture  assessment  (VFA)  were  performed  within  3 months.  We  assessed
the prevalence  of biological  abnormalities  in  all the  patients  with  recent  fracture  and  in subgroups.
Results:  Among  439  hospitalized  patients  for non-vertebral  low  trauma  fracture,  372  had  biological  tests
(285  women,  mean  age 77.5  ±  13  years)  and  353  (94.6%)  had  at least  ≥  1  biological  abnormality,  most
frequently  vitamin  D  insufficiency  (< 75  nmol/L)  (80%). Hypercalcemia  was  found  in 22 (7.7%)  patients,
explained  by  possible  primary  hyperparathyroidism  in  6 cases,  and  by the  other  causes  of  hypercal-
cemia  including  postoperative  low  albumin.  A  high  PTH  level  was  observed  in 64  (20.8%)  patients.  We
found  3 monoclonal  bands.  Results  were  similar  in patients  with  and  without  vertebral  fracture  or osteo-
porosis.  Finally,  many  biological  abnormalities  can  be explained  by  the  postoperative  context  (low  TSH,

hypogammaglobulinemia,  low  albumin,  low  alkaline  phosphatase)  and  need  a control.
Conclusion:  This  study  performed  in patient  with  recent  low  trauma  non-vertebral  fractures  showed
that  94.6%  of  patients  had at least  one  contributor  to bone  fragility,  which  was  the  vitamin  D  insuffi-
ciency  in  most  of cases.  We  found  a high  proportion  of  biological  abnormalities  which  require  additional
explorations  but  most  of  them  can  be explained  by  the  postoperative  context.

©  2019  Published  by  Elsevier  Masson  SAS  on  behalf  of  Société  franç aise  de  rhumatologie.
. Introduction

In patients with low trauma fractures, searching for secondary
ontributors to osteoporosis is recommended, in order to iden-
ify curable causes [1–3]. Performing tests is recommended [4]
ut there are various accepted manners worldwide on laboratory
ests that could be performed [5–8]. However, prevalence of abnor-
alities leading to secondary osteoporosis in different studies of
steoporotic patients varied greatly from 3 to 55% [9]. Age and
ender can explain the differences, and secondary osteoporosis is

∗ Corresponding author at: Rheumatology Department, Cochin Hospital, 27, rue
u  Faubourg-Saint-Jacques, 75014 Paris, France.

E-mail address: karine.briot@aphp.fr (K. Briot).

https://doi.org/10.1016/j.jbspin.2019.03.009
297-319X/© 2019 Published by Elsevier Masson SAS on behalf of Société franç aise de rh
known to be more frequent in men  than in women [10,11]. The
causes of secondary osteoporosis may  be different for cortical or
trabecular sites of fractures, and whether osteoporosis is defined by
bone mineral density only, and/or the presence of fractures [12–18].
A fracture liaison service (FLS) is an opportunity to evaluate the
clinical relevance of these assays, in order to optimize patient care
[19–21]. Few studies exist about laboratory assays relevance in
identifying secondary contributors in bone fragility [22–24], espe-
cially in elderly patients. None of these assessed the relevance of
these blood tests when they are performed during the hospitaliza-
tion for the fracture. This is an important point in the framework

of the organization of the management of fragility after fracture.

The objective of this study was to assess the clinical relevance
of early performed laboratory tests in identifying secondary causes

umatologie.

https://doi.org/10.1016/j.jbspin.2019.03.009
http://www.sciencedirect.com/science/journal/1297319X
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbspin.2019.03.009&domain=pdf
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f osteoporosis in a population with a recent low trauma non-
ertebral fracture.

. Methods

.1. Study design and population

In this prospective cohort study, patients older than 50 years
ld, hospitalized for a recent non-vertebral fracture, referred to our
racture liaison service (FLS) from July 2015 to October 2016, were
ssessed for fracture risk assessment. They were included in the FLS
uring their hospitalization in the orthopedic department. Patho-

ogical fractures (metastatic cancer; myeloma) and high trauma
ractures were exclusion criteria for inclusion in the FLS. The frac-
ure risk assessment included risk factors assessment, performed
nce for each patient during the hospitalization after the surgery,
nd bone mineral density (BMD) measurement performed within
hree months after the fracture.

.2. Clinical data collection

Clinical data were collected from declarative information and
edical reports at the inclusion in FLS. Demographic data (age,

ender, weight, height, body mass index), fracture type and date,
istory of previous fracture and other risk factors as family history
f hip fracture, current smoking, excess of alcohol consumption (≥ 3
nits/day in man  and ≥ 2 units/day in woman), some comorbidi-
ies (diabetes, Parkinson disease, dementia, rheumatoid arthritis
based on the mention of the diagnosis in the medical file)),
urrent or past use of corticosteroid (at a dose of prednisone-
quivalent > 7.5 mg/day for at least 3 months), current or previous
reatment with aromatases inhibitors, calcium and/or vitamin D
upplementation, and previous anti-osteoporotic treatment (ralox-
fene, teriparatide, bisphosphonates and denosumab) in the year
efore the fracture were assessed.

.3. Bone densitometry and vertebral fracture assessment

Bone mineral density (BMD) measurements were performed
ithin 3 months using a single DXA device [Hologic QDR 4500A

lite (Hologic, Bedford, MA)] at total hip, femoral neck, and lum-
ar spine. Osteoporosis was defined according to World Health
rganization criteria, by a T-score ≤ - 2.5 at least one site.

Vertebral fractures were identified with a vertebral fracture
ssessment (VFA) acquisition performed at the same time of BMD
easurement. Vertebral fractures were assessed from T4 to L4 with

emi-quantitative technique [25] by trained rheumatologists.

.4. Laboratory tests

All measurements were performed in the same laboratory dur-
ng the stay in the orthopedics department, after surgery. Based
n published data [7,24,26], blood tests included hemoglobin,
latelets, leukocytes, erythrocyte sedimentation rate or C-reactive
rotein, serum calcium (and calculation of corrected calcemia),
erum inorganic phosphate, albumin, total serum alkaline phos-
hatases (ALP or TSALP), serum creatinine, intact plasma 1-84
arathormone (PTH), thyreostimulin (TSH); 25OH-vitamin D,
erum protein electrophoresis. The estimated glomerular filtration
ate (eGFR) was calculated using the modification of diet in renal
isease study group (MDRD) equation. Stages of chronic kidney dis-
ase (CKD) were defined according to the guidelines for CKD of the

ational Kidney Foundation [27].

Results were considered abnormal when out of the range
eported by the laboratory kits, except for the 25(OH)-vitamin D.
ccording to French guidelines [28], serum 25 (OH)-vitamin D level
Spine 86 (2019) 777–781

of 75 nmol/L (30 ng/mL) or less was  considered low and indicative
of vitamin D insufficiency [29].

Elevated PTH was defined as a PTH level over the upper refer-
ence range (PTH > 4.2 pmol/L). Primary hyperparathyroidism was
diagnosed with association of hypercalcemia (albumin corrected
calcium 2.6 mmol/L) with an elevated or inappropriately value of
serum PTH level. Elevated PTH without hypercalcemia was consid-
ered as secondary hyperparathyroidism.

Hyperthyroidism was  defined by TSH values 0.4 mIU/L or less.
Monoclonal gammapathy of undertermined significance (MGUS)
was defined by the presence of M-protein in the serum with-
out anaemia, hypercalcemia, kidney insufficiency and known bone
lesions. Hypophosphatasemia was  defined by total ALP rate under
35 UI/L. Stage IV and V of chronic kidney disease assessed by an
eGFR under 30 mL/min, were reported.

2.5. Statistical analysis

We  assessed proportions of patients with at least one biological
abnormality (vitamin D insufficiency, biological hyperparathy-
roidism, hypercalcemia, hyperthyroidism biological hypophos-
phatasemia, monoclonal gammapathy, and stage IV and V of renal
impairment) in the whole population, in men and women, in
patients over 80 year-old, in patients with osteoporosis, and in
patients with at least one vertebral fracture in VFA.

Results are presented as mean and standard deviation (SD) for
quantitative variables, and as percentages and frequency for qual-
itative ones. The statistical analysis was carried out with R and
R-studio software. Chi2 test or exact Fischer’s test were used when
needed for comparison.

3. Results

Between July 2015 and October 2016, 439 patients were hos-
pitalized for non-vertebral fractures. Sixty-seven patients were
excluded, because their blood tests were not performed, due to
the short duration of their hospitalization. Thus, 372 patients with
biological data (285 women and 87 men, mean age 77.5 ± 13 years)
are the basis of this study (Table 1).

The majority of these fractured patients had hip fractures (69.8
%), with only 17 history of parental hip fracture. The other frac-
tures leading to inclusion in the FLS were upper limb (20.5%),
lower limb (17.8 %). Sixteen (6.25%) patients were receiving an
anti-osteoporotic drug in the past year, which was bisphosphonates
for 75% of them. Twenty-nine (8.2%) patients used corticosteroids
(> 7.5 mg/day for at least 3 months) and 10 (2.9%) patients used
aromatase inhibitors.

Osteoporosis (T-score ≤ -2.5 at least at one site) was identified
in 109 patients (52.7%). Using vertebral fracture assessment, 59
(32.4%) patients had at least one vertebral fracture, which was
unknown for the patient before the VFA.

3.1. In the whole population

Prevalence of patients with at least one biological abnormal-
ity in the whole population was  94.6% (n = 353). This prevalence
was higher in men  than in women  (88% vs. 76.9%, P ≤ 0.05). The
most frequent abnormality was vitamin D insufficiency observed
in 80% of patients (n = 248). In patients receiving calcium and /or
vitamin D supplementation, the prevalence of vitamin D insuffi-
ciency was 41.1% (n = 107). The number of patients with serum 25
OH vitamin D level below 50 and 25 nmol/L was  148 (47.7%) and 67

(21.6%), respectively. When vitamin D insufficiency was  excluded,
287 (76.9%) patients had at least one biological abnormality. 140
patients had several biological abnormalities (more than 2); 48 if
we excluded vitamin D insufficiency.
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Table  1
Characteristics of the population.

Variables
Age (years, mean ± sd) 77.5 ± 13
BMI  (kg/m2, mean ± sd) 23.9 ± 5.2
Menopause (years, mean ± sd) 49.5 ± 4.5
Dementia (n, %) 95 (27.7)
Parkinson (n, %) 16 (4.7)
Diabetes (n, %) 43 (12.1)
Hyperthyroidism (n, %) 11 (3.1)
Rheumatoid arthritis (n, %) 8 (2.25)
Use of walking assistance (n, %) 107 (30.7)
Current smoking (n, %) 55 (15.5)
Excess of alcohol consumption (n, %) 27 (7.65)
Parental hip fracture (n, %) 28 (12.1)
Fall  (n, %) 257 (92.3)
Corticosteroids use (n, %) 29 (8.2)
Selective serotonin inhibitor use (n, %) 37 (11)
Antiaromatase inhibitors use (n, %) 10 (3)
Vitamin D supplementation (n, %) 107 (41.5)
Anti Osteoporotic treatment use (n, %) 15 (5.9)

Biological markers (mean ± sd)
Corrected calcemia (mmol/L) 2.44 ± 0.12
Serum creatinine (�mol/L) 70.3 ± 29.9
Total ALP (IU/L) 79.6 ± 90.5
PTH (pmol/L) 3.26 ± 1.9
TSH (mU/L) 2.01 ± 6.9
25OH vit.D (nmol/L) 54.5 ± 32.5
Serum albumin (g/L) 32.1 ± 4.7
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MI: body mass index; ALP: alkaline phosphatase; PTH: parathormone; TSH thyre-
stimulin.

Hypercalcemia was observed in 22 (7.7%) patients. Among
hem, 6 patients had an increase in PTH with a profile of pri-

ary hyperparathyroidism. Sixteen patients had an appropriate
ecrease in PTH level. Hypercalcemia was asymptomatic and
ever above 3 mmol/L. High value of serum PTH was found

n 64 (20.8%) patients. Among the 58 patients with secondary
yperparathyroidism, we identified 2 cases of CKD stage IV
eGFR ≤ 30 mL/min). Most of them (89%) had a vitamin insuffi-
iency (25 OH D ≤ 75 nmol/L) and 39% a serum level of 25 OH

 ≤ 25 nmol/L.
Forty-one (13.8%) patients had serum TSH level below

.4 mU/L, 3 of them were previously known. Above the 314
lectrophoresis performed, 81 abnormal gamma profiles were
dentified: hypogammaglobulinemia (n = 72, 22.96%), polyclonal
ammopathies (n = 6, 1.9%), monoclonal bands (n = 3, 0.95%). Total
lkaline phosphatase was low (ALP < 35 IU/L) in 9 (3.3%) patients
ith recent non-vertebral fracture.

.2. In the subgroups of population
In the elderly group defined by an age of over 80 years (52.2%),
0.7% had a serum 25 OH D ≤ 75 nmol/L, 49 patients (27.8%) had
igh serum PTH levels, 26 (15.1%) had low TSH, and 18 (10.8%)
ypercalcemia. Only one patient had eGFR below 30 mL/min. If we

able 2
esults on biological abnormalities in total and subgroups of population.

Abnormality: n (%) Total Gender Age 

Women  Men  P-value ≥ 80 

Vitamin D ≤ 75 nmol/L 248 (80) 183 (76.9) 64 (88.8) 0.04 176 (98.8) 

PTH  > 4.2 pg/mL 64 (20.8) 37 (15.9) 28 (38.8) < 0.0001 49 (27.8) 

TSH  < 0.4 mU/L 41 (13.8) 30 (13.3) 11 (15.5) 0.06 26 (15.1) 

Calcium > 2.6 mmol/L 22 (7.7) 18 (8.3) 4 (5.88) 0.61 18 (10.8) 

Total  ALP < 35 UI/L 9 (3.3) 6 (2.9) 3 (4.4) 0.69 3 (1.85) 

Monoclonal band 3 (0.8) 3 (1.25) 0 1 2 (1.5) 

eGFR  < 30 mL/min 2 (0.6) 1 (0.4) 1 (1.2) 0.43 1 (0.53) 

F: vertebral fracture. Age class (years). PTH: parathormone; TSH: thyreostimulin; ALP: alk
 is significant if < or equal to 0.05.
Spine 86 (2019) 777–781 779

compared them to patients < 80 years, we found a higher preva-
lence of high serum PTH level (27.8% vs. 11.7%, P = 0.01) and of
hypercalcemia (10.8% vs. 3.4%, P < 0.05) (Table 2).

There was  no difference in proportion of biological abnormal-
ities, in patients with or without osteoporosis based on BMD
measurements, and with or without vertebral fractures diagnosed
on vertebral fracture assessment (Table 2).

There was  no difference in the frequency of biological abnor-
malities in patients with hip fractures (60.8% of the population) as
compared to non-hip/non-vertebral fracture (data not shown).

4. Discussion

This study assessed clinical relevance of early performed lab-
oratory tests in identifying secondary causes of osteoporosis in
a population with a recent low trauma non-vertebral fracture. In
these recent fractured patients, we found 94.6% of patients with at
least one biological abnormality and that the most frequent abnor-
mality was  vitamin D insufficiency. If we excluded this abnormality,
76.9% patients had biological abnormalities that can contribute
to bone fragility. Using vertebral fracture assessment (VFA), we
also confirmed the high proportion of patients with at least one
unknown VF (n = 59, 32.4%), previously reported in other studies
in patients with recent fracture (around 30%) [30,31], suggesting
the need for vertebral fracture assessment in patients with non-
vertebral fractures.

Our results confirmed the prevalence of abnormalities leading to
secondary osteoporosis observed in other studies in patients with
clinical fractures [22,32] and in hip fractured patients, where 80%
of patients had at least one abnormality [33]. In younger patients
with osteoporosis or a recent clinical fracture, the prevalence is
reported lower, ranged from 26 to 51% [34]. The most frequent
abnormality was  vitamin D insufficiency, as expected [35], with
no difference among patients with osteoporosis or with vertebral
fractures. This prevalence was slightly higher in men (88% vs 76.9%)
than in women, difference poorly reported in general or fractured
populations [36,37].

Insufficiency of vitamin D was the most frequent abnormality
even if 41% of our patients were receiving vitamin D supplemen-
tation, suggesting that there was  a discrepancy between given
doses and serum values, or observance problems [38]. As almost all
patients have a vitamin D insufficiency, we  justified the question-
able performance of vitamin D assay with the difference between
supplementation schemes (dose and rhythm of administration) to
reach the recommended threshold according to baseline value.
It was  also justified because vitamin D insufficiency has to be
corrected before the initiation of an anti-osteoporotic treatment.
Moreover, the efficacy of anti-osteoporotic treatment is better if

the vitamin D level is normal [39,40].

Hyperparathyroidism and hyperthyroidism are known as
metabolic disorders leading to bone loss [41–43] and should be
research. We  observed 64 (20.8%) patients with high PTH level and

T-Score Vertebral fracture

< 80 P ≤ -2.5 > -2.5 P ≥ 1 < 1 P

132 (99) 1 74 (79.6) 70 (79.5) 1 44 (83) 84 (78.5) 0.64
15 (11.7) 0.013 23 (25.5) 11 (12.9) 0.06 14 (27.5) 18 (16.9) 0.19
15 (12.2) 0.59 15 (16.6) 9 (11.4) 0.47 5 (10.4) 15 (14.7) 0.64
4 (3.41) 0.038 9 (10.8) 5 (6.34) 0.46 4 (8.3) 8 (8.4) 1
6 (5.3) 0.17 3 (3.79) 5 (6.67) 0.48 2 (4.2) 5 (5.5) 1
1 (0.55) 1 1 (1.1) 2 (2.32) 1 1 (1.9) 1(0.97) 1
1 (0.68) 1 1 (1) 1 (1.1) 1 0 2 (1.8) 1

aline phosphatase; eGFR: estimated glomerular filtration rate; characters in italics;
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1 (13.8%) low TSH level. The prevalence of high serum PTH level
as higher in men  than in women (38.8% vs. 15.9%, P < 0.00001),

nd in older patients (≥ 80 years) (27.8% vs. 11.7%, P < 0.01). Among
hem, six patients (1.9%) had biological profiles compatible with
rimary hyperparathyroidism (PHPT). This result is close to that
eported in patients with fracture [44].

The other explanation for elevated serum PTH was the vitamin
 insufficiency, found in 90.3% of patients. Renal function impair-
ent (eGFR ≤ 30 mL/min) was only found in 2 patients. However,

erum PTH can increase a long time before patients reach late stages
45,46].

High concentration of PTH can be due to a low intake of cal-
ium, but calcium intake was not assessed. Finally some patients
ay have a normocalcemic primary hyperparathyroidism, more

requently diagnosed at an asymptomatic stage [47,48]. In non-
eferral men  population, such as The Osteoporotic Fractures in Men
MrOS) study, normocalcemic hyperparathyroidism (PTH level
ver the upper reference range) was found in 9 (0.4%) patients
49,50], whereas in the Dallas Heart Study, 108 (3.1%) patients had
ormocalcemic hyperparathyroidism with no difference between
ender, with only 13 (0.6%) persistent elevated PTH levels suggest-
ng hyperparathyroidism [49,51].

In our study, we found a high prevalence of hypercalcemia cor-
ected on serum albumin but this may  have been distorted by
ow rates of serum albumin in the acute postoperative context
stress, inflammation.  . .).  Even if acute disease is not the recom-

ended timing to evaluate GFR (worsened by stress factors), we
urprisingly only found in the population 2 (0.59%) patients with
GFR under 30 mL/min (MDRD), 43 (12.7%) with eGFR < 60 mL/min
MDRD) and 14 (11%) eGFR < 30 mL/min (Cockcroft–Gault), 12 of
hem over 80 year-old (123 patients). The MDRD equation under-
stimates mean eGFR by 25%. This bias may  lead to misclassifying
ealthy older persons as having CKD [52]. The expected prevalence
f CKD (< 60 mL/min/1.73 m2) is 37.1% using the MDRD equation
nd 55.9% using the Cockcroft–Gault equation. In studies with mea-
ured (not estimated) GFR by iohexol clearance, this prevalence was
8.8% (> 70 years), and it ranged from 33.2% ([70;74] years) to 91.4%
> 90 years) [53].

In the 41 patients with low TSH level, 6 patients had TSH level
nder 0.1 mU/L (and no story of thyroid disease known). No differ-
nce in gender, in age status, BMD  status and presence of vertebral
racture was shown. It is known that even subclinical hyper-
hyroidism is associated with an increased risk of hip fractures,
articularly among those with TSH levels of less than 0.10 mIU/L
54]. TSH levels are commonly lower and negatively related to
ge [55,56]. However, in elderly patients with TSH between 0.1
nd 0.4 IU/L, progression to clinical hyperthyroidism remains rare
approximately 1% per year) and spontaneous TSH normalization
s fairly common [57]. TSH level is reported to be associated with

any acute situations (pancreatitis, coronary syndrome, liver fail-
re, depression. . .)  and this can be finally the explanation to high
SH [58–61].

Abnormal gammaglobulin level was observed in 81 serum pro-
ein electrophoresis with hypogammaglobulinemia (n = 72, 22.7%),
olyclonal gammopathies (n = 6, 1.9%) and monoclonal bands (n = 3,
.9%). All monoclonal bands occurred in patients with hip fracture,
nd one had a so far unknown vertebral fracture detected on VFA.
GUS frequency is known higher in patients with vertebral frac-

ures [12]. We  did not find any multiple myeloma, probably due to
he exclusion of pathological fractures. Our results lead us to dis-
uss the value of this assay in the case of a low trauma non-vertebral
racture for whose pathological cause has been excluded.
Our hypogammaglobulinemia can be explained by the acute ill
tate of patients as altered plasma immunoglobulin concentrations
ere decreased in sepsis or other situation of systemic inflamma-

ion [62].
Spine 86 (2019) 777–781

Among the 9 patients with hypophosphatasemia (ALP < 35 IU/L),
none were receiving anti-resorptive treatments. As far as we know
during the follow-up, none of these abnormalities was  persistent
suggesting transient hypophosphatasia due to perioperative stress
[63].

Frequencies of biological abnormalities were not different with
or without osteoporosis. Furthermore, we did not find any differ-
ence in the proportion of abnormalities in patients with previous
prevalent VFs.

One relevant remaining question is the better timing to per-
form these blood tests in a patient with a recent fracture. Our study
showed that if they are performed very early just after the fracture,
there is high proportion of abnormalities that needs to be checked
later during the follow-up, delaying the start of an anti-osteoporotic
treatment. However, in the FLS model, the recommendation is to
introduce an anti-osteoporotic therapy in the 3 months after the
fracture [3]. Though, if blood tests are performed later, the check
and the corrections of some abnormalities, such as vitamin D insuf-
ficiency, delay the introduction of antiosteoporotic treatment. Our
suggestion is to perform these tests later, for example at one month
after the fracture, with a risk of losing patients to follow-up. The
choice of the best time to carry out these tests to remove another
cause of bone fragility remains an essential point in post-fracture
management care.

One of the study’s strength was the systematic blood tests,
decreasing the number of lost to follow-up patients in this osteo-
porosis population. One limit was  the cross-sectional design where
no follow-up was available for this study. Nevertheless, the patients
were followed by their general practitioner and the rheumatologist
involved in the FLS.

This study performed in patient with recent low trauma non-
vertebral fractures showed that 94.6% of patients had at least one
contributor to bone fragility, which was the vitamin D insufficiency
in the great majority of cases. We  found a high proportion of biolog-
ical abnormalities, which require additional explorations but most
of them can be explained by the postoperative context. Perform-
ing the blood tests early after the fracture leads to a high rate of
abnormalities that need to be checked later. Appropriate time to
perform these biological exams, without delaying the introduction
of antiosteoporotic treatment remains to be determined.
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