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Abstract

Background and aim: Low bone mineral density (BMD) is a common complication in
patients with inflammatory bowel disease (IBD). However, debates are ongoing with >
regard to the other involved factors, especially in younger patients. This study aimed to

evaluate the parameters that contribute to decreased BMD, focusing on premenopausal

women and men aged <50 years.

Methods: This study included 81 patients with IBD and 81 age-, sex- and BMI-matched
controls. Blood tests were conducted on IBD patients, and a dual-energy X-ray

absorptiometry (DXA) scan was performed on both groups.
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Results: Low BMD and fragility fracture were found to be more prevalent in IBD
patients than in healthy subjects (49.3% vs 23.4%, P =0.001 and 9.8% vs 1.2%, P =0.01,
respectively). Patients with low BMD were older, with a longer disease duration, higher
faecal calprotectin (FC) levels and lower magnesium and lean mass (appreciated as
appendicular skeletal muscle index (ASMI)). Multiple regression analysis revealed that
ASMI, age and use of glucocorticoids were the independent parameters for decreased
BMD. Although 91.3% of the patients had a 25-hydroxy vitamin D level of <30 ng/mlL, it

was not a statistically significant factor for decreased BMD.

Conclusion: In our study, the levels of vitamin D did not seem to have an important impact
on BMD. Conversely, FC, magnesium and lean mass are important factors, suggesting that

good control of disease, adequate magnesium intake and increased lean mass can have a

good impact on bone metabolism in patients with IBD.
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Introduction

Inflammatory bowel diseases (IBD), including Crohn’s
disease (CD) and ulcerative colitis (UC), have an unknown
aetiology. Multiple factors, such as genetic predisposition,

microbiota changes, environmental factors and

autoimmune involvement, have been proposed. IBD is
associated with decreased bone mineral density (BMD),
with the prevalence of osteoporosis and osteopenia
reported to be between 22 and 77%, depending on

© 2021 The authors
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-21-0138

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

D OB


mailto:aesirbu12@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-21-0138
https://ec.bioscientifica.com

' Endocrine

W CONNECTIONS

the study (1). Sheth ef al. found that the prevalence of
osteopenia ranges from 32 to 36% and osteoporosis from
7 to 15% (2). Fracture risk is higher in these patients than
in healthy subjects, according to a recent meta-analysis
showing a 32% increased risk, which is consistent with
different cohort studies previously conducted (3). Many
factors are associated with decreased BMD, one of which
is the use of high-dose glucocorticoids. A Swiss IBD cohort
study has reported an increased percentage of steroid use
in IBD patients with osteoporosis (79.2%) and osteopenia
(62.6%) and decreased percentage in patients with normal
BMD (42.2%) (4).

Although new biologic therapies have been developed
and the use of high-dose glucocorticoids has declined, low
BMD is still present in these patients, suggesting that other
parameters may cause bone impairment. If vitamin D and
calcium are traditional factors associated with decreased
BMD, low magnesium is a very common situation in
IBD patients, especially in CD patients, with an intake of
60-63% of the daily requirement (5).

According to the ECCO guidelines, screening for
low BMD is recommended for IBD patients similar to the
general population, with a special focus on the patients’
history of long-term corticosteroid treatment (>3 months)
and fragility fracture history as well as their age (6). The
British Society of Gastroenterology suggests screening
according to the FRAX score in patients aged >40 years and
based on multiple exposures to corticosteroid treatment in
others (8).

This study aimed to evaluate the prevalence and
the factors linked to low BMD in patients with IBD,
with a special focus on premenopausal women and men
aged <50 years. Demographic, clinical and paraclinical
parameters have been studied along with dual-energy
X-ray absorptiometry (DXA) to identify patients at a high
risk of having low BMD.

Methods

During a research project, patients from three IBD tertiary
centres, namely, Fundeni, Elias and Colentina, in Bucharest
were referred to our clinic for endocrinological evaluation.
The cross-sectional study included 81 adult (>18 years old)
patients suffering from IBD and 81 BMI-, gender- and age-
matched healthy subjects.

A signed informed consent was obtained from the
patients. The study adhered to the ethical principles of the
Declaration of Helsinki and was approved by the Ethics
Committee of Elias Hospital and University of Medicine

and Pharmacy ‘Carol Davila’ Bucharest. The exclusion
criteria included other secondary causes of low BMD
(hyperparathyroidism, hyperthyroidism, renal disease or
liver disease) and pregnancy. None of the patients or the
subjects received calcium or vitamin D supplements or
anti-osteoporotic treatment.

General information such as age, age of diagnosis,
disease duration, intestinal resection/surgery history,
current medications and glucocorticoid exposure were
obtained from the patients’ records.

Patient workup included anthropometric
measurements (height and weight), calculation of the
BMI, fasting blood tests (calcium, albumin and magnesium
levels, ESR) and hormonal profile (parathyroid hormone,
25-hydroxy vitamin D). They were assayed at a single
laboratory using enzyme-labelled chemiluminescent
immunometric assay (Immulite 2000, Siemens Healthcare
Diagnostics Products Ltd.). FC level was also documented
via immunochromatography.

The albumin-adjusted calcium level was calculated
using the following formula: corrected calcium
(mg/dL)=measured total Ca (mg/dL)+0.8 (4.0-serum
albumin (g/dL)), where 4.0 is the average albumin level.

Vitamin D deficiency and insufficiency were defined as
25-hydroxy vitamin D level of <20 ng/mL and between 20
and 30 ng/mL, respectively.

DXA using Lunar iDXA (ME+212018) was performed
on all the participants in this study, with total hip, femoral
neck and lumbar spine BMD (grams/cm?), whole-body
scan and vertebral fracture assessment (VFA). Trabecular
bone score (TBS) was calculated for the same region as
that in the LS BMD assessment using TBS version 3.0.2.0.
All participants underwent VFA, and in those suspected
to have lumbar spine fracture, X-ray or MRI confirmed
the diagnosis.

According to the International Society of Clinical
Densitometry official position (8), in premenopausal
women and men aged < 50 years, a Z score of <—2 S.D. at
the hip or spine is defined as BMD below the expected
range for age. In the other patients, the T-score was
used for diagnosis, with a T-score below -2.5 s.D. and
T-score <=—2.5 and <-1 s.D. indicating osteoporosis and
osteopenia, respectively. Based on these criteria, the
patients were divided into two groups: one group with
normal BMD and the other with low BMD (Z score <-2S.D.
in premenopausal women and men <50 years and T score
<-1s.D. in the others).

Glucocorticoid exposure was quantified as no
exposure (less than 3 months) or positive exposure (more
than 3 months, more than 7.5 mg/day of prednisone).
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To evaluate lean mass, according to the European
Working Group on Sarcopenia in Older People and
the International Working Group on Sarcopenia, the
appendicular skeletal muscle index (ASMI) was used and
calculated as the sum of muscle mass on the legs and arms
divided by square height (ASM/height?) (9, 10). Myopenia
was defined as Z score <—1 DS (9) with population-based
andage-and gender-matched data values from the National
Health and Nutrition Examination Survey (NHANES) (11).

Statistical analysis

Statistical analysis was conducted using SPSS version 21,
and continuous variables are expressed as mean + S.D.
and median and interquartile range (IQR) for normal
distribution and nonparametric distribution, respectively.
Differences in biochemical and DXA parameters were
calculated using a nonparametric test: Mann-Whitney
U-test or independent samples t-test. The associations
between pairs of variables were calculated using the
chi-squared test (x?). The validity of the parameters was
measured using the area under the receiver operating
characteristic (ROC) curve with 95% CI. A binary logistic
regressionmodel wasused toassess theinfluence of different
parameters on the presence of low BMD. Two-sided P-value
of <0.05 was considered statistically significant.

Results

In this study, 81 patients (48 and 33 patients diagnosed
with CD and UC, respectively) were evaluated. Of them,
38 (46.9%) were men, and 43 (53.1%) were women. Their
median age was 43 (IQR 24) years; mean age at diagnosis,
32 (£14.5) years and median duration of the disease,
7 (IQR 10) years. A total of 81 healthy subjects were included
and matched for BMI, gender and age.

Low BMD was observed in 40 patients (49.3%) and was
more prevalent in CD patients than in UC patients (56.2%
vs 39.3%, ¥*=2.2, P=0.1) as well as in female than in male
patients (55.8% vs 42.1%, y¥*=1.5, P=0.2). Moreover, when
CD patients were compared with UC patients, no statistical
differences were observed in terms of demographic data,
DXA parameters or prevalence of low BMD and myopenia.
The data are presented in Table 1.

In the group of healthy subjects, low BMD was
observed in 19 patients, with a decreased prevalence
compared with IBD patients (23.4% vs 49.3%, P=0.001).
BMD below the range for age and gender was found in 17
IBD patients and 6 controls (32.69% vs 11.3%, P=0.01).
In postmenopausal women and men aged >50 years,
osteopenia was observed in 12 IBD patients (out of 29) vs
11 healthy subjects (out of 23) (41.3% vs 47.8%), whereas
osteoporosis was observed in 11 vs 2 (37.9% vs 8.6%,
P=0.009). Of the IBD patients, 8 (9.87%) already had
fragility fracture (5 of them were diagnosed with vertebral
fractures during the study period) vs the group of controls,
where one of them was diagnosed with vertebral fracture
(9.8%vs 1.2%, P=0.01).

Factors associated with low BMD in patients
with IBD

The patients with low BMD were older (median age: 51
(25) vs 34 (19) years, P < 0.005), with a later onset of the
disease (37 + 14 vs 30 £ 13.4 years, P=0.03), longer duration
of the disease (8.5 (12) vs 5 (7) years, P=0.03) and an
increased level of FC (100 (270) vs 31 (120) ug/g, P < 0.05).
Magnesium was statistically lower in the low BMD group
than in the normal BMD group (1.94 + 0.1 vs 2.02 £ 0.12
mg/dL, P=0.03). Although vitamin D deficiency and
insufficiency were observed in 38 and 36 patients (91.3%
of all patients), respectively, the levels of 25-hydroxy

Table 1 Demographic, laboratory and DXA characteristics of the patients with IBD, according to the type of disease.

Parameter All patients (81) CD patients (48) UC patients (33) P-value
Age, years 43 (24) 42 (23) 44 (27) NS
Age at diagnosis, years 32+14.5 34.1+£14.9 33.8+14 NS
Disease duration, years 7 (10) 8 (6) 10.3(13) NS
25-hydroxy vitamin D, ng/mL 20.7+7.6 19.9+7.6 21.4+7.04 NS
Lumbar BMD, g/cm? 1.06 £0.18 1.04+£0.18 1.09+0.17 NS
Hip BMD, g/cm? 0.88+0.13 0.87+0.14 0.91+£0.1 NS
TBS 1.38 £ 0.1 1.38+£0.1 1.38 £ 0.1 NS
Low BMD, % 40 (49.3) 27 (56.2) 13(39.3) NS
Myopenia, % 33(40.7) 22 (45) 11(33.3) NS

Values are presented as mean = s.0. or median (IQR), percentage, according to the type of variable and the normality of distribution. NS, not significant,

Pvalue > 0.05.

ASMI, appendicular skeletal muscular index; BMD, bone mineral density; ESR, erythrocyte sedimentation rate; TBS trabecular bone score.
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vitamin D (19.9 £ 9.1 vs 21.1 £ 7.67, P=0.4) were not
significantly different in the low BMD group and normal
BMD group. Moreover, no significant difference was
observed in the albumin-adjusted level of calcium (8.9 (0.4)
vs 9.03 (0.3) mg/dL, P=0.75) between the two groups.

ASMI was lower in patients with decreased BMD than
in those with normal BMD (6.58 + 1.6 vs 7.19 £ 1.15 kg/m?,
P=0.03). Myopenia was observed in 33 patients with
IBD, of whom 21 and 12 were diagnosed with low BMD
and normal BMD, respectively (52.5% vs 29.2%, x*=4.17,
P=0.03). In the group having patients with decreased
BMD, a statistically significant difference was observed
among those with glucocorticoid exposure (87.5% vs
65.4%, x2=6.3, P=0.01).

The data are presented in Table 2.

The ability of each parameter to differentiate
normal BMD from low BMD was medium, with the
best area under the ROC curve for the level of ASMI
and magnesium (0.654, P=0.01, and 0.645, P=0.02,
respectively) (Fig. 1).

In multiple logistic regression analysis, age (8=0.51,
P=0.02), glucocorticoid exposure (8=-1.45, P=0.02) and
ASMI (p=-0.939, P=0.03) were the only independent
factors of low BMD in a model that included BMI
and gender.

Low BMD distribution in men and women

The differences between women and men in the presence
of decreased BMD are presented in Table 3. For females,
factors such as age and magnesium level were significantly

different between the two groups. In males, the only
parameter that seemed to influence the presence of low
BMD was ASMI.

When analysed in subgroups, ASMI was statistically
associated with low BMD (AUROC=0.717, P=0.025), in
men, but not in women (Fig. 2).

Determinants of low BMD in premenopausal
women and men aged <50 years

When the group of premenopausal women and men
aged <50 years was investigated, 17 out of 52 patients
(32.69%) had low BMD, and 2 of them, 23 and 33 years
old, had a vertebral fragility fracture. When the two groups
were compared, FC and ASMI were statistically different
(150 (402) vs 30 (105) ug/g, P < 0.005, and 6.27 + 1.11 vs
6.71 = 1.3 kg/m?, P=0.045, respectively); a higher index of
intestinal inflammation and low mean mass were the most
important parameters associated with low BMD, as
presented in Table 4.

When applied in premenopausal women and men
aged <50 years, the level of FC seemed to be associated with
low BMD (AUROC=0.735, P=0.006) (Fig. 3).

Discussion

Our study addressed the prevalence and factors associated
with low BMD, confirming the low level of awareness of
the decreased BMD in premenopausal women and men
aged <50 years.

Table 2 Demographic, laboratory and DXA characteristics of the patients with IBD, according to the presence of low BMD.

Parameter All patients (81) Low BMD (40) Normal BMD (41) P-value
Age, years 43 (24) 51 (25) 34(19) <0.005
Age at diagnosis, years 32+145 37+14 30+134 0.03
Disease duration, years 7 (10) 8.5(12) 5(7) 0.03
ESR, mm/h 13(11) 14 (13) 10 (8) NS
FC, ug/g 55 (220) 100 (270) 31 (120) <0.05
25-hydroxy vitamin D, ng/mL 20.7+7.6 19.9+9.1 21.1+7.67 NS
Albumin-adjusted level of calcium, mg/dL 9.02 (0.6) 8.9(0.4) 9.03(0.3) NS
Magnesium, mg/dL 1.99+0.1 1.94+0.1 2.02+0.12 0.03
ASMI, kg/m? 6.89 +1.22 6.58 £ 1.6 7.19+1.15 0.02
Myopenia, % 33(40.7) 21 (52.5) 12(29.2) 0.03
Lumbar BMD, g/cm? 1.06+0.18 0.94+0.1 1.17+£0.1 <0.001
Hip BMD, g/cm? 0.88+0.13 0.81+£0.1 0.95+0.1 <0.001
TBS 1.38+£0.1 1.32+£0.1 1.43 +£0.08 <0.001
Glucocorticoid exposure, % 61 (75.3) 35(87.5) 26 (65.4) 0.01

Values are presented as mean * s.0. or median (IQR), percentage, according to the type of variable and the normality of distribution. P-value statistically

significant differences P < 0.05.

ASMI, appendicular skeletal muscular index; BMD, bone mineral density; ESR, erythrocyte sedimentation rate; FC, faecal calprotectin; TBS trabecular

bone score.
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Figure 1
Predictive values of magnesium, ASMI for diminishing between low and
normal BMD in IBD patients.

Although the prevalence was high, only seven of
the patients were previously screened, and five of them
who were diagnosed with osteoporosis received specific
treatment (oral bisphosphonates, but gastrointestinal
intolerance was reported, and the treatment was stopped).
Moreover, eight of the patients had a fragility fracture. The
prevalence of low BMD and fragility fracture was found

to be higher than in healthy subjects. This emphasises
the fact that decreased BMD and fragility fractures are
a real problem in IBD patients, even in younger adults,
sometimes neglected. For the Romanian population, a
previous study, which included 47 patients with IBD from
the northern part of Romania, demonstrated a prevalence
of 48.07% and 56.41% in patients with UC and with CD
(12). In another study conducted in Romania, which
included 188 IBD patients (74.4% with UC and 25.55%
with CD), osteopenia and osteoporosis were observed
in 48.5% and 15.2%, respectively, in CD and 56.5% and
17.19%, respectively, in CU (13). A study (14) conducted
in Poland demonstrated a high prevalence of osteopenia
and osteoporosis in women (43.4, 45.3%) and men (38.2,
24.5%), more common in CD thanin UC patients. Arecent
meta-analysis of 16 studies revealed an increased risk for
fragility fracture, especially in the spine, emphasising the
need to identify patients at risk (15).

One of the most important determinants of decreased
BMD in IBD patients is exposure to a high dose of
glucocorticoid, which agrees with the findings of this
study. Several studies pointed out their role on bone
impairment, with a recent study (16) demonstrating that
theuse of glucocorticoids increased therisk for osteoporosis
(LR=5.1,P=0.028).

Moreover, our study revealed that longer disease
duration has a negative impact on the bone, as
demonstrated in previous studies (14), possibly due to
ageing and increased exposure to glucocorticoids.

Evaluation of vitamin D is important in low BMD, due
to its important role in bone mineralization. However, the
association between 25-hydroxy vitamin D and BMD is on
debate (17, 18).

Table 3 Clinical, laboratory and DXA characteristics of the patients with IBD, according to their gender.

Gender Parameter All (38) Low BMD (16) Normal BMD (22) P-value
Male (38) ASMI, kg/m? 7.52+1.26 6.95+1.54 7.96 £0.8 0.01
Age, years 35.5(20) 44 (26) 32(17) NS
Magnesium, mg/dL 2.01+£0.1 1.98 £ 0.1 2.02+0.1 NS
BMI, kg/m? 23.4(5.5) 22.6 (4.26) 23.5(7.2) NS
25-hydroxy vitamin D, ng/dL 204+7.4 20+0.6 20+0.7 NS
FC, ng/g 100 (243) 175 (263) 62 (138) NS
Parameter All (43) Low BMD (24) Normal BMD (19) P-value
Female (43) ASMI, kg/m? 6.34+£0.9 6.34+£0.9 6.34 + 0.87 NS
Age, years 47 (25) 54 (30) 35(19) 0.001
Magnesium, mg/dL 1.98 +0.1 1.94+0.1 2.03+0.1 0.02
25-hydroxy vitamin D, ng/dL 209+79 19.3+8.6 22.2+6.9 NS
FC, ug/g 30 (155) 41 (277) 15 (105) NS

Values are presented as mean #s.p. or median (IQR), according to the type of variable and the normality of distribution. P-value statistically significant

differences P < 0.05.
ASMI, appendicular skeletal muscular index; FC, faecal calprotectin.
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Figure 2
Predictive values of ASMI for diminishing between low and normal BMD
in men with IBD.

Vitamin D level is a parameter that is low in IBD
patients, due tomultiplereasons, including malabsorption,
malnutrition and low sunlight exposure. In our study, a
low vitamin D level was observed in 91% of the patients,
but it had no impact on BMD. Similar data were obtained
from other studies, Pintilie’s conducted on the Romanian
population (10) and Even’s (16), showing that 25-hydroxy
vitamin D did not correlate with BMD in IBD patients
However, mean vitamin D was borderline insufficiency and
deficit, which could have influenced the results of BMD,
due to osteomalacia.
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Figure 3

Predictive values of fecal calprotectin for diminishing between low and
normal BMD in premenopausal women and men <50 years with IBD.

The important role of magnesium in bone formation is
often neglected. Low level of magnesium directly inhibits
osteoblast activity while increasing osteoclast activity (19).
Moreover, studies have demonstrated the relationship
between inflammation and magnesium, with the levels
of TNFa, IL1a and IL6 being increased in patients with
hypomagnesaemia (20). Our study demonstrated that low
magnesium is a good predictor of low BMD. In terms of
gender, magnesium seemed to have a significant impact on
women; this may be because the women included in our
study were older than the men and had a higher prevalence

Table 4 Demographic, clinical, laboratory and DXA parameters premenopausal women and men <50 years IBD patients.

Parameter All (52) Low BMD (17) Normal BMD (35) P-value
Age, years 32(16) 31 (20) 33(14) NS

Age at diagnosis, years 26+ 10.1 26+ 11.7 27.2+9 NS
Disease duration, years 5(5) 5(5) 5(8) NS

FC, ug/g 50 (135) 150 (402) 30 (105) <0.005
25-hydroxy vitamin D, ng/mL 21.2+7.8 20.6 £8.9 21.6+£6.9 NS
Albumin-adjusted calcium, mg/dL 8.96 (0.56) 8.92(0.6) 9.03 (0.54) NS
ASMI, kg/m? 6.8+1.3 6.27 £ 1.11 6.71+1.3 <0.05
BMI, kg/m? 21.8 (4.52) 20.8 (3.15) 22.2 (5.89) NS

Values are presented as mean + s.0. or median (IQR), according to the type of variable and the normality of distribution. P-value statistically significant

differences P < 0.05.
ASMI, appendicular skeletal muscular index; FC, faecal calprotectin.
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of low BMD. A recent meta-analysis (21) also indicated an
insignificant association between magnesium intake and
BMD at the hip. To the best of our knowledge, there are no
studies focusing on this association in IBD patients; further
studies with a long-term follow-up should be conducted.

Although some studies demonstrated a possible
association between low BMD and disease activity and
severity, to the best of our knowledge, this is the first study
to show the association between FC as a marker of intestinal
inflammation and BMD, emphasising the already-known
impact of chronic inflammation on the bone. FC is a
useful marker of intestinal inflammation, and studies have
demonstrated a strong correlation between them and
endoscopic activity active disease in CD and UC (22, 23). A
recent study by Lima et al. (24), which included 68 patients
with UC and 60 with CD (aged 17-40 years), showed that
disease activity was associated with osteopenia. Another
study conducted by Cravo et al. (25) on 99 CD patients
described adirectand significantassociation between disease
activity and osteoporosis. Moreover, Abraham et al. (26)
demonstrated that BMD is affected at diagnosis, suggesting
that chronic inflammation could lead to decreased BMD.

One of the most important findings in our study
was the relationship between lean mass and the risk for
low BMD in IBD patients, which is independent of other
parameters. Low BMI is a well-known factor for low BMD,
as described in previous studies (27). Moreover, decreased
lean mass, BMI and the presence of sarcopenia were
identified as predictors of osteopenia and osteoporosis in
IBD patients (28). Our study demonstrated that low ASMI,
not BMI, could be a good predictor of low BMD, especially
in younger patients. Moreover, myopenia is increased
in IBD patients with decreased BMD. Considering the
results in our study, a simultaneous whole-body scan when
performing DXA could give us important information
on muscle mass and help us identify the patients at risk
of having low BMD, especially younger patients. Further
studies should include the effect of regular physical activity
on BMD in these patients.

The strength of this study is the availability of
biochemical markers to assess both blood tests (ESR,
calcium, albumin and 25-hydroxy vitamin D), intestinal
inflammation (FC), DXA and whole-body scan in order to
assess all the possible parameters that could atfect BMD.

This study has several limitations, which include
the relatively small number of patients, the heterogenic
group of patients and the inclusion of young and older
patients. Conversely, this could be one of the strengths
of the study, as previous data were reported on paediatric
or postmenopausal and older patients. To eliminate

the confounding factors, the patients were divided into
subgroups based on age or gender. In addition, as this
is a cross-sectional study, we were not able to make the
study at the time of diagnosis to see if there are precocious
modifications in these patients. Another limitation of
the study was that, due to the heterogeneous group and
multiple therapies, the patients could not be divided
according to their therapies. A prospective comparative
study will help us characterise better the impact of the
different therapies on BMD.

Our study confirmed that, although underdiagnosed
in IBD patients, especially in younger patients, low BMD
and fragility fracture are common, and screening should
be performed to decrease the risk of complications. Well-
known factors, such as older age and glucocorticoid
exposure, butalsoneglected factors, suchasmagnesiumand
lean mass, are important parameters in the differentiation
between normal and decreased BMD. FC can be a good
predictor of low BMD in premenopausal women and men
aged <50 years. Multiple regression analysis revealed that
ASMI, age and glucocorticoid exposure are independent
determinants of low BMD in patients with IBD. Better
control of the disease, increase in muscular mass and
adequate magnesium intake could improve the BMD of
these patients. To validate our results, a further prospective
analysis should be conducted.
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