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Abstract: Objectives: To determine the prevalence of, and factors associated with, people with foot de-
formities, among patients with diabetes in Jordan.

Methods: A cross-sectional study was conducted on 1000 diabetic participants recruited from the Na-
tional Center for Diabetes, Endocrinology, and Genetics in Jordan. Participants had their feet clinically
examined to detect the following foot deformity outcomes: Hallux valgus, claw/hammer toe, prominent
metatarsal heads, limited joint mobility, pes cavus, Charcot foot, and amputations. Sociodemographic
and health variables were also collected from participants’ interviews, medical records, or clinical ex-
amination. Logistic regression was used to analyse associations between variables and each foot de-
formity outcome.
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Results: Of the 1000 diabetic patients: Hallux valgus was found in 17.4%, claw\hammer toe in 16%,
prominent metatarsal head in 14.2%, limited joint mobility in 9.4%, pes cavus in 3.2%, Charcot foot in
2.1%, and amputations in 1.7%. Hallux valgus was associated with gender (p=0.012), age (p<0.01) and
shoe choices (p=0.031); claw\hammer toe was associated with age (p=0.04), retinopathy (p<0.001), sen-
sory and painful neuropathy (p<0.001); limited joint mobility was associated with age only (p=0.001);
Charcot foot was associated with glycemic control (p=0.016), hypertension (p<0.000), sensory neuropa-
thy (p<0.001), and painful neuropathy (p<0.001); and, amputations were associated with duration of

diabetes (p<0.043), sensory neuropathy (p=0.001), and painful neuropathy (p=0.001).
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Conclusion: Prevalence of different foot deformities in Jordan variedbetween 1.7% - 17.4%. Sociode-
mographic factors such as age, gender and shoes choices or presence of diabetes-related microvascular
complications (neuropathy and retinopathy) or hypertension were independently associated with foot
deformities among the Jordanian diabetic population.

Keywords: Diabetes complications, diabetic foot, prevalence, foot deformities, etiology, Jordan.

1. INTRODUCTION Foot deformities among diabetic patients have been iden-
tified as a causal pathway for developing DFUs in those that
have developed diabetes-related peripheral neuropathy [5-7].
The peak plantar pressure has been shown to be high in the
presence of foot deformities [8]. For example, foot deformity
such as hallux valgus increases this pressure under the me-
dial forefoot [9, 10]. Likewise, a systematic review of 15
studies found that restriction of the ankle joint range in dor-

sal flexion because of diabetes led to increasing plantar pres-

Jordan is a developing country that has had a noticeable
rise in the prevalence of Diabetes Mellites (DM) in recent
decades [1]. The associated diabetes-related complications
that affect the lower limbs were also highly reported [2, 3].
For instance, the prevalence of diabetic foot ulcers (DFUs)
vary between 4 to 5.3% [2-4], and the prevalence of the re-
lated amputations is around 1.7% [3].
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sure and development of plantar forefoot ulcers [11]. The
associated high plantar pressure with foot deformities and
the subsequent development of callus in the presence of pe-
ripheral sensory neuropathy [6, 8] may lead to subcutaneous
hemorrhage and if not treated lead subsequently to diabetic
foot ulceration [12].
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Foot deformity is an essential component of diabetic foot
syndrome [13]. Both type 1 and type 2 DM lead to mi-
crovascular complications such as neuropathy [14]. Motor
neuropathy, which is the involvement of motor nerves
especially in advanced cases of neuropathy, can cause mus-
cle weakness such as weakness of foot muscles [15]. As a
consequence, several foot deformities may develop [16].
However, the evidence to support this association is not
clear. A review of the literature that included 17 studies
did not find a significant association between different
foot deformities and factors such as motor nerve function
or intrinsic foot muscle atrophy which suggests a lack
of understanding of the etiology of foot deformities [16].
Due to this limited recognition of the etiology or the out-
comes of foot deformities, more investigation in this field is
needed [13]. Thus, a part of this study was designed in an
attempt to fill this gap in knowledge and provide more un-
derstanding of how these factors may influence in DFUs
development.

In Jordan, data on foot deformities among diabetic pa-
tients are scarce. Other than a previous study that has re-
ported a prevalence of 34% of overall foot deformities [3],
there is no data that estimates the prevalence of different
types of foot deformities and their associated factors among
diabetic population. Therefore, this study aimed to determine
the prevalence of different morphological foot deformities
and their associated factors among diabetic patients in Jor-
dan.

2. METHODS

2.1. Study, Design, Setting, and Population

This was a cross-sectional study. It was performed at
the national center for diabetes, endocrinology, and genet-
ics (NCDEG) which is the biggest referral diabetes center
in Jordan. A sample of 1000 diabetic patients (typel or
type 2) was selected. The sample size was calculated to
estimate each foot deformity. The sample size to estimate
a prevalence of 50% with a margin of error of 5% and the
level of significance of 0.05 at a power of 80% was al-
most 780 persons. A prevalence of 50% was used because
it yielded the largest sample size. The sample size was
increased to 1000. The selection of participants was sys-
tematic. Every second patient was recruited during their
regular visits at the diabetes clinics at the NCDEG where
the quality of diabetes care usually demands one visit
every 2-3 months. Diabetes was defined as a self-reported
physician diagnosis [17]. Diabetes patients below 20
years of age were excluded.

2.2. Data Collection Procedures

Ethical approval was obtained from the ethics office at
the NCDEG. The data was collected during the period from
October 2008 till January 2009. A structural interview
questionnaire was designed to collect the data through in-
terviewing participants, investigating medical records, and
examining participants’ feet. Participants were aware of the
purpose of this study by providing them a written informa-
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tion form including consent. The researcher (A.A) and an-
other qualified researcher at NCDEG were the only persons
who conducted the interviews with participants. They also
performed clinical foot screening and medical files review-
ing. The researchers had the adequate skills and knowledge
to assess the main outcomes of this research as they re-
ceived their podiatry training including foot screening at
the national institute for diabetes, endocrinology, and ge-
netics [18]. This was during their graduate high diploma
course.

2.3. Variables Collected

The collected variables including definitions and support-
ing citations are presented in Table 1. This table has two
main groups which are the sociodemographic variables and
the health variables. Both sociodemographic and health in-
formation variables were taken verbally from participants or
through medical records. The researchers also performed a
physical examination of participants’ feet, including a neuro-
logical assessment to assess sensory neuropathy (Table 1). In
addition, clinical inspection to assess footwear was per-
formed by the researchers during the clinical examination to
identify the patient's shoe type. Participants were asked
about the type of footwear they mostly used in their daily life
(> 12 h/day) [19].

Table 2 displays the definitions and the supporting cita-
tions of the study’s main outcomes variables which were
foot deformities. The morphological changes of participants’
feet were inspected by the researchers to detect the presence
of foot deformities according to these definitions.

2.4. Statistical Analysis

Statistical analysis was carried out using Statistical Pack-
age for Social Sciences IBM SPSS version 15. Chi-square
test was used to determine the associations between foot
deformities and other variables. Multiple logistic regression
was used to assess the independent associations between foot
deformities with other variables. A separate logistic regres-
sion model was used for each foot deform outcome. Forward
Selection (Likelihood Ratio) was used to specify how inde-
pendent variables were entered into the analysis. Multi-
collinearity between independent variables was tested and
considered in the selection of variables. A P-value <0.05
was considered statistically significant.

3. RESULTS

Table 3 displays the baseline characteristics of the 1000
participants, including 482 (48.2%) were males and 518
(51.8%) were females. The mean age of participants was
58.4 years (SD = £ 11.4). In terms of smoking habits, most
participants (69%) were non-smokers. Most participants
(72.6%) were unemployed. Most footwear used by partici-
pants were shoes (54.5%) while 26.5% of participants wore
sandals and 13.7% wore high heel shoes. Boots and thera-
peutic footwear were only worn by (1.8%, 0.35%) of partici-
pants retrospectively.
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Table 1. Definitions of study variables.
Item Definition
Sociodemographics
Age Age in whole years at the time of data collection
Gender Male or female

Total family income

The monthly income of the family in Jordanian Dinar (JD)

Occupation

Employed or unemployed

Health Information

Type of DM

Type 1 or type 2 as reported in medical files

Duration of DM

Duration in years as reported in medical files

Glycosylated hemoglobin

It was analyzed by using a high-performance liquid chromatography (HPLC) method (Bio-Rad) and performed at

(HBA1C) NCDEG during participants’ regular visits. Glycaemic control was judged depending on the average of three HbAlc
readings, one at the examination day, and two previous reading obtained from the medical record
DM treatment Diet, oral, insulin, or (oral & insulin) as reported in medical files

Body mass index (BMI)

Height and weight were measured for each patient during diabetes regular visits. BMI was calculated using the following
formula:

BMI= Weight (kg)/ [Height (m)] 2
World Health Organisation (WHO) criteria for adults were used to classify BMI as follows [20]:
Normal: BMI <25 kg/m?
Overweight: BMI = 25-29.9 kg/m?
Obese: BMI > 30 kg/m?

Hypertension (HTN)

Participants were considered hypertensive if they took antihypertensive drugs, or it was defined as a self-reported physi-
cian diagnosis

Retinopathy

It was defined as self-reported ophthalmologist diagnosis in the patients’ files

Smoking

According to WHO guidelines for controlling and monitoring the tobacco epidemic [21]. Participants were asked about
their smoking habits which were defined as the following:

Past smoker: who had smoked > 100 cigarettes in his life.
Current smoker: regular smoking of at least one cigarette per day for at least one month

Non-smoker: who never smoked in his\her life

Sensory neuropathy (loss of
protective sensation)

It was evaluated by using a 10-g Nylon Semmes-Weinstein monofilament by testing the 3 recommended plantar sites
(great toe, third, and fifth metatarsals). This procedure was applied according to the guidelines of the international con-
sensus of the diabetic foot. If participants answered two out of the three applications correctly, this indicated the presence
of a protective sensation and absence of it on two wrong answers out of three applications [22]

Painful neuropathy

It was evaluated by asking participants for any signs of paraesthesia, itching, tingling, pain or burning sensation [23, 24]

Footwear

Therapeutic footwear was defined if the shoes meet the following properties [25]:
The outsole should be flexible
The insole should be custom made

The heel of the shoe should be capable for shock absorption and to avoid weight being thrown forward on to metatarsal
heads

Enough flexibility of the tongue
Other footwear was defined as the following [26]:
Sandals: are open types of footwear. They can be made of rope, rubber, leather, wood
Shoes: are footwear less than boot and it is shaped to foot and the area below the ankle
Boots: are types of footwear which cover at least the foot and usually the ankle, and sometimes extends up to the knee or
even the hip
High heel shoes: are shoes which raise the heel of the wearer's foot significantly higher than the toes. When both, the
heel and the toes are raised, as in a platform shoe, it is generally not considered to be a high-heel
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Table 2.

Definition of foot deformities.

Foot Deformity

Definition

Hallux valgus

A deformity of the great toe by abduction valgus and pronation associated with bone prominence on the inner edge for the meta-
tarsal (bunion) [27].

Prominent metatarsal
heads

It was defined as any inspected or palpable plantar prominences of the metatarsal heads of the foot [28].

Claw\ hammer toes

The plantar flexion the distal and middle interphalangeal joint in comparison with proximal phalanx is called hammer toe while
claw toe was defined as the dorsal flexion of the metatarsophalangeal joint associated with hammer toe [29].

Ababneh et al.

Charcot Foot Non-infectious destruction of bone and joint including loss of foot arches (Rocker bottom deformity) [30].
Pes Cavus An abnormally high medial longitudinal arch, which extends between the first metatarsal head and the calcaneus [31].
Limited joint mobility It was defined as stiffness or restriction of range of motion of the joint which was assessed by evaluating the range of motion of
the ankle, subtalar joint, metatarsal joints, and interphalangeal joints through their normal ranges of motion, and determining
whether there is any pain or restriction of the range of motion [32].
Amputation It was reported as any resection of any part of the limb (big toe, another toe (s), midfoot, ankle, below the knee, or above the
knee).
Table3. Sociodemographic characteristics of the study population.
Variable Frequency (n) Percentage (%)
Gender
Male 482 48.2%
Female 518 51.8%
Age Groups /Years Mean = SD =58.4 +11.4
<50 207 20.7%
51-60 334 33.4%
>60 459 45.9%
Smoking

Non 690 69%
Past 146 14.6%
Current 162 16.2%

Total Family Income (JD)
<500 653 65.3%
>500 345 34.5%
Occupation
Employed 274 24.4%
Unemployed 726 72.6%
Shoe Type

Therapeutic footwear 35 0.35%

Sandals 265 26.5%

Shoes 545 54.5%

Boots 18 1.8%

High heel shoes 137 13.7%
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Table 4 shows the clinical and anthropometric character-
istics of the study population. The mean duration of diabetes
was approximately 9 years and 57.7% of participants had
HbAlc more than 7 mmol/l. Type 1 diabetes was only pre-
sent in 1.3% of participants. Regarding BMI, 57.2% of par-
ticipants were obese. Also, 62.7% of participants were
treated by diet and oral anti glycemic agents.

The prevalence of participants with each individual foot
deformity is presented in Table 5. The deformity with the
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highest prevalence in participants in the population studies
was hallux valgus (17.4%) and with the lowest prevalence
was amputations (1.7%).

Participant characteristics and bi-variant analysis (Chi-
square analyses) for each foot deformity outcome with iden-
tified associated factors are presented in Supplementary Ta-
bles S1-S7. After conducting multivariant logistic regression,
the prevalence of each foot deformity was associated with
several sociodemographic and clinical variables (Table 6).

Table4. Clinical and anthropometric characteristics of the study population.
Variable Frequency (n) Prevalence N (%)
Duration of DM/Years Mean + SD =9 +7.6
<5 428 42.8%
>5 572 57.2%
HbA1c (mmol/l)
<7 423 42.3%
>7 577 57.7%
DM Type
Type 1 13 1.3%
Type 2 987 98.7%
BMI
Normal 91 9.1%
Overweight 335 33.5%
Obese 572 57.2%
DM Treatment
Diet + Oral 627 62.7%
Insulin + oral 369 36.9%
Retinopathy

Yes 156 15.6%

No 840 84%

HTN
Yes 649 64.9%
No 351 35.1%
Sensory Neuropathy
Yes 174 17.4%
No 826 82.6%
Painful Neuropathy

Yes 118 11.8%
No 882 88.2%
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Table 5. Prevalence of participants with each foot deformity outcome in the study population.

Rank Foot Deformity N Prevalence (%)

1 Hallux valgus 174 17.4%
2 Claw/hammer toe deformity 160 16%

3 Prominent metatarsal head 142 14.2%
4 Limited joint mobility 94 9.4%
5 High medial arch (Pes cavus) 32 3.2%
6 Charcot's deformity (Rocker Bottom) 21 2.1%
7 Amputations 17 1.7%

Table 6. The adjusted odds ratio for the prevalence of the studied foot deformities.

Hallux Valgus Deformity
Variable OR (95%CTI) p-value
Gender
Male 0.6 (0.4-0.9) 0.012
Female 1
Age
<50 1
51-60 1.7 (0.9-3.1) 0.046
>60 3.7(2.2-6.9) <0.001
Shoe Type
Others 1
High heel shoes 3 (1-9.6) 0.031

Claw\Hammer Toe Deformity

Variable OR (95%CI) p-value
Age
<50 1
51-60 23(1.3-42) 0.005
>60 24(1.3-44) 0.004
Retinopathy
Yes 1.6 (1-2.6) <0.001
No 1
Painful Neuropathy
Yes 3(1.9-4.8) <0.001
No 1
Sensory Neuropathy
Yes 4 (2.7-6) <0.001
No 1

(Table 6) Contd...
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Limited Joint Mobility
Variable OR (95%CTI) p-value
<50 1
51-60 1.5(0.7-3) 0.248
>60 3.3 (1.6-6.8) 0.001
Charcot Deformity
Variable OR (95%CI) p-value
HbAlc
<7 1
>7 6(1.4-27) 0.016
Yes 4.8 (1.1-21.2) <0.001
No 1
Sensory Neuropathy
Yes 16.7 (5.4-51.9) <0.001
No 1
Painful Neuropathy
Yes 5(2-12.5) <0.001
No 1
Amputations
Variable OR (95%CI) p-value
Duration of DM
<5 1
>5 7.1 (0.8-56) 0.043
Sensory neuropathy
Yes 10.4 (3.5-31.6) <0.001
No 1
Painful Neuropathy
Yes 17 (4.6-62) <0.001
No 1

3.1. Hallux Valgus

Hallux valgus was present in 17.4% of participants. Hal-
lux valgus had bi-variant associations with female sex, above
60 years age and high heel shoes (All p<0.001) (Supplemen-
tary Table S1). In the adjusted multivariate model (OR; 95%
CI), hallux valgus deformity was associated with male sex
(0.6; 0.4-0.9; p=0.012), age above 60 years (3.7; 2.2-6.9;
p<0.001), and high heel shoes (3; 1-9.6; p=0.031).

3.2. Claw/Hammer Toe Deformity

Claw/hammer toe was present in 16% of participants.
Claw/hammer toe had bi-variant associations with BMI, reti-
nopathy, sensory and painful neuropathy (All p<0.002)
(Supplementary Table S2). In the adjusted multivariate
model (OR; 95% CI), claw/hammer toe was associated with
age above 60 years (2.4; 1.3-4.4, p=0.004), retinopathy (1.6;
1-2.6; p<0.001), painful neuropathy (3; 1.9-4.8; p<0.001)
and sensory neuropathy (4; 2.7-6; p<0.001).
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3.3. Prominent Metatarsal Head

The prominent metatarsal head was present in 14.2% of
participants. The prominent metatarsal head had bi-variant
associations with past smokers, duration of DM >5 years,
HbAlc >7, Insulin + oral treatment, retinopathy, sensory and
painful neuropathy (All p<0.002) (Supplementary Table S3).
In the adjusted multivariate model, no significant associa-
tions were found between prominent metatarsal head de-
formity and the study variables.

3.4. Limited Joint Mobility

Limited joint mobility was present in 9.4% of partici-
pants. Limited joint mobility had bi-variant associations with
age above 60 years, occupation (Unemployed) and shoe type
(Sandals) (All p<0.001) (Supplementary Table S4). In the
adjusted multivariate model (OR; 95% CI), limited joint mo-
bility was associated with only age above 60 years (3.3; 1.6-
6.8; p<0.001).

3.5. High Medial Arch (Pes Cavus)

Pes cavus was present in 3.2% of participants. Pes cavus
had bi-variant associations with Age (51-60 years), past
smokers, family income < 500 JD, HbAlc >7 mmol/l and
overweight BMI (All p<0.05) (Supplementary Table S5). In
the adjusted multivariate model, no significant associations
were found between pes cavus deformity and the study vari-
ables.

3.6. Charcot Deformity (Rocker Bottom)

Charcot deformity was present in 2.1% of participants.
Charcot deformity had bi-variant associations with shoe type
(shoes), duration of DM >5 years, HbAlc >7 mmol/l, HTN,
sensory and painful neuropathy (All p<0.01) (Supplementary
Table S6). In the adjusted multivariate model (OR; 95% CI),
Charcot deformity was associated with HbAlc (6; 1.4-27;
p<0.01), HTN (4.8; 1.1-21.2; p<0.001), painful neuropathy
(5; 2-12.5%; p<0.001), and sensory neuropathy (16.7; 5.4-
51.9; p<0.001).

3.7. Amputations

Amputations were present in 1.7% of participants. Am-
putations had bi-variant associations with shoe type (Thera-
peutic footwear), duration of DM >5 years, retinopathy,
HTN, sensory and painful neuropathy (All p<0.02) (Supple-
mentary Table S7). In the adjusted multivariate model (OR;
95% CI), amputations were associated with duration of DM
>5 years (7.1; 0.8-56; p=0.043), sensory neuropathy (10.4;
3.5-31.6; p<0.001), and painful neuropathy (17; 4.6-62;
p<0.001)

4. DISCUSSION

This is the largest study to investigate the prevalence of
different foot deformities among diabetic patients in Jordan.
Within this population, the most common structural foot
deformities identified were hallux valgus (17.4%),
claw\hammer toe (16%), and prominent metatarsal head
(14.2%). Other foot deformities such as limited joint mobil-
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ity (9.4%), pes cavus (3.2%), and Charcot foot (2.1%) were
less common among diabetic patients.

4.1. Hallux Valgus

This was the most prevalent deformity identified (17.
4%). This figure is lower than what was reported in previous
studies which ranged between 23.9% - 49.4% [7, 33, 34].
Methods of measurement such as self-reporting or clinical
examination can lead to this variation [27]. For instance, one
study identified hallux valgus deformity by radiographic
assessment of foot structure which might enable earlier de-
tection of this deformity [33].

After adjusting for the associated sociodemographic and
clinical variables, this deformity was not related to diabetes
or its complications such as neuropathy. Of note, neuropathy
was not a significant risk factor for developing hallux valgus
in a previous study [35]. However, we found that hallux val-
gus was mainly associated with sociodemographic factors
such as age or gender. For example, women had 2 times the
odds of having hallux valgus in comparison with men. In
addition, we found that patients who wore high heel shoes
had 3 times more odds of having hallux valgus compared to
other groups. This result may explain why hallux valgus was
more prevalent in females as most people in Jordan who
wear high heel shoes are female. The results of this study
aligned with the results of a meta-analysis of 78 papers that
investigated the etiology of hallux valgus deformity and also
identified that age and gender were independent factors as-
sociated with the prevalence of hallux deformity [27].

4.2. Claw\Hammer Toe Deformity

This deformity was found in 16% of the overall popula-
tion. In contrast, the prevalence of claw\hammer toe was
higher in other populations and ranged between 32-49% [7,
33, 34, 36]. As mentioned above, we believe that the assess-
ment procedure may have led to this variation. For instance,
Smith ez al. [33] identified claw \hammer deformities ac-
cording to radiographic changes of bone structure and this
might enable detection of this deformity in early stages. In
comparison, our measurement was based on clinical inspec-
tion which could be the reason for this difference of
claw\hammer toe prevalence. This suggests that differences
in prevalence of these foot deformities may be due to the
different definitions used to identify claw/hammer toe de-
formities, as the methods of assessment are not established
or standardized, and as such lead to a large variation in out-
comes, especially in cases of mild claw/hammer toe deformi-
ties [13].

The study results showed that claw\hammer toes deform-
ity was significantly associated with factors such as age, and
the presence of diabetes-related complications, including
retinopathy and neuropathy. These results confirm the com-
mon hypothesis that diabetes may cause atrophy of the small
intrinsic muscles in the foot which lead to foot deformities
[37, 38]. However, one descriptive study investigated claw
toe deformities by Magnetic Resonance Imaging (MRI) and
its relation to muscle atrophy and showed no relationship
between the diabetes-related atrophy of intrinsic muscles and
claw toe deformity [39]. Furthermore, a literature review of
the etiology of foot deformities in diabetic populations did
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not find evidence that correlates muscle weakness that re-
sults from motor neuropathy and developing foot deformities
such as claw\hammer toe [16]. Therefore, this data suggests
that the etiology of the claw\hammer toe is still not clear.

4.3. Limited Joint Mobility

This deformity was only found in 9.4% of the overall
population and was only associated with age. Participants
above 60 years old age had around 3 times the odds of hav-
ing limited joint mobility in comparison with other age
groups. Despite a previous study [15] finding a strong rela-
tionship between motor neuropathy, muscle strength, and
foot deformity progression, our findings did not support this.
It is also in contrast with the common belief that the range of
motion of many joints may be decreased in patients with
diabetes [40] as no associations were found between limited
joint mobility and variables such as duration of diabetes,
HbA[1C readings, or presence of diabetes complications such
as neuropathy. However, Martinez ef al. [35] had similar
findings to ours as reporting no significant relationship be-
tween diabetic neuropathy and limited joint mobility. Cor-
balan et al. [41] also did not find that the presence of limited
joint mobility was associated with different neurological
examinations. This may instead be explained by other
mechanisms for limited joint mobility such as glycosylation
of collagen in joint capsules [37]. Thus, this highlights the
complexity of the etiology of foot deformities among dia-
betic patients.

4.4. Charcot Deformity

Of the overall diabetic population here, Charcot deform-
ity was found in 2.1%. This number was not consistent with
previous findings from Jordan [42] reporting the incidence of
Charcot's foot to be only 0.19% of diabetic patients [42].
However, our findings are in line with Smith ez al. [33]
which found 1.4% of diabetics had Charcot deformity. Inter-
estingly, there seems to be variation in the prevalence of
Charcot's foot in different populations. Indians, for example,
had a slightly higher prevalence of Charcot's foot in com-
parison with our result with this deformity present in 3.6% of
Indian diabetic populations [36]. Also, there was a signifi-
cant difference of Charcot foot between non-Hispanic whites
and Mexican American (11.7/1,000 vs. 6.4/1,000; P =
0.0001) [43]. A narrative review estimated the prevalence of
Charcot's foot between 0.08% - 13%. This variation may be
related to hidden Charcot disease as up to 25% of diagnoses
can be missed [44]. This confirms the need for a regular
musculoskeletal assessment of the foot which is a neglected
aspect of care in many health care settings [45]. In addition,
the variation in the prevalence of Charcot deformity may be
also due to the variation between races [43].

As expected, our study showed that Charcot deformity
had a significant association with the duration of diabetes
and the presence of diabetes complications including reti-
nopathy and neuropathy. Higher HbAlc findings were asso-
ciated with the presence of Charcot foot (OR 6, 95% CI =
1.4 - 27). In addition, our results showed that patients who
had sensory neuropathy were more likely to have Charcot
foot (16 times). Also, patients who had painful neuropathy
were 5 times more likely to have Charcot deformity. The
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same factors including age, HbAlc, and presence sensory
neuropathy were also found in a previous study from Jordan
[42]. These results from Jordan are consistent with earlier
literature that neuropathy is considered the main predispos-
ing factor for the initiation and deterioration of a Charcot
foot deformity [46-48].

4.5. Amputations

Amputations were present in 1.7% of our population
studied. This number is consistent with a recent result from
Jordan (1.7%) [2]. However, in a relatively older study from
the same country [4], the prevalence of amputation was
higher. Bader et al. [4] reported a 5% of overall prevalence
of amputations. The comparison of the outcomes of these
studies might indicate a significant decline in the prevalence
of amputations among diabetic patients in Jordan. Similarly,
different studies in developed countries [49-53] showed the
same decline where many of these studies attribute this de-
crease to the development of podiatric services. The same
explanation may be a factor in our findings. Podiatry care
was significantly developed at the NCDEG in the last few
years. There is a special diabetic foot clinic with special
equipment that provides standard podiatry services. Health
education and foot screening are regularly performed for all
patients attending this center. Also, the diabetic foot clinic
has specialist podiatric nurses who collaborate with a
multidisciplinary team from other specialties with adequate
skills and special training [18].

The presence of amputations among the population of
this study was mainly associated with the duration of DM.
This confirms that the length of time someone has diabetes is
responsible for increasing risks of amputations among dia-
betic patients in comparison with the normal population [52].
We also found that amputations were associated with diabe-
tes-related complications such as neuropathy. Otte ef al. [54]
found the same association as amputations were significantly
associated with nephropathy. However, race can be another
risk factor for developing amputations. A prospective study
showed that Mexican Americans had a significantly higher
incidence of amputations in comparison with non-Hispanic
whites [43]. Factors such as race, quality of care, duration of
diabetes or race might lead to the variation in the incidence
of amputations among diabetic patients [55].

From the previous studies, it is clear that the prevalence
of foot deformities in the diabetic population is variable, and
this may be related to two main reasons. Firstly, the meas-
urement methods may have an impact on this variation as no
standard measurement of the changes in musculoskeletal
foot structure exists in people with diabetes [13]. Foot de-
formities are usually identified according to subjective clini-
cal inspection by the researchers [2, 56, 57]. This includes
inspecting any changes in the physical appearance of the foot
which sometimes can lead to a bias in outcomes. Secondly,
the variation in the heterogeneity of populations could be
responsible for these different prevalence outcomes of foot
deformities as well. For instance, the studied diabetic popu-
lations with higher age might have a higher prevalence of
foot deformities. In contrast, populations who had poor dia-
betes care might have a higher mortality rate which resulted
in less observation of foot deformities.



480 Current Diabetes Reviews, 2020, Vol. 16, No. 5

5. STRENGTH AND LIMITATIONS

This study has provided important new information re-
garding the prevalence of different foot deformities in Jor-
dan. It appears to be one of the largest sample sizes (n=1000)
to investigate foot deformities in people with diabetes in
Jordan and potentially worldwide. Despite the study popula-
tion being recruited from one setting (NCDEG) which may
not represent the overall population in Jordan, this setting is
the biggest referral diabetes center in Jordan and receives
patients from most parts of Jordan and as such may be more
representative of the Jordanian diabetic population than first
thought. In alignment with the large sample size, the statisti-
cal power to detect associated factors of these deformities is
perhaps also more robust than most other similar studies
performed to date in this field.

However, this study was associated with a number of ob-
vious limitations. Firstly, this study was cross-sectional
which was not able to establish the causal pathway of foot
deformities. Secondly, some other study variables such as
employment categories could have been more specifically
defined, such as employment status and medical co-
morbidities. However, we note most study variable defini-
tions adhered with that of the international reporting stan-
dards for diabetic foot studies [17]. Thirdly, the assessment
of foot deformities relied on the clinical examination of the
researchers involved. Recent developments in assessment
methods of foot structures including plain radiography, ultra-
sonography, computed tomography, and MRI may have pro-
vided more reliable outcomes [13]. Lastly, we have investi-
gated the prevalence and associates of specific individual
foot deformity which provides very useful knowledge on
these particular deformities. However, we note people with
diabetic foot disease can have multiple of these individual
foot deformities at once and they are sometimes associated
with each other. Unfortunately, we did not collect data on
those who had at least one foot deformity or multiple foot
deformities, and we are therefore unable to analyse the over-
all prevalence and associates of those with one or multiple
foot deformities. However, we recommend this to be investi-
gated in future similar studies.

6. RECOMMENDATIONS

As this study has found a relatively high prevalence of
some foot deformities among the Jordanian diabetic popu-
lation, it is recommended that more attention should be
paid by health care providers in diabetes clinics to screen
for these foot deformities. The early detection of foot de-
formities may help to potentially prevent DFUs and ampu-
tations by implementing interventions aimed at reducing
the high plantar pressures brought on by these deformities
using such as therapeutic footwear and some surgical pro-
cedures. In addition, due to the significant relationship be-
tween foot deformities such as claw\hammer toes, limited
joint mobility, Charcot foot or amputations, and diabetes-
related microvascular complications, we encourage clini-
cians to consider further examination of diabetic patients’
feet if they have an uncontrolled or long duration of diabe-
tes especially with complications such as neuropathy or
retinopathy. All these diabetes-related consequences may
be a clinical marker of these foot deformities. Furthermore,
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as this study was cross-sectional, further prospective longi-
tudinal or case-control studies are needed to establish
cause-and-effect relationships between foot structural
changes and diabetes.

CONCLUSION

Several foot deformities have been found to be highly
prevalent among the diabetic population in Jordan. De-
formities such as claw\hammer toe, Charcot foot, and am-
putations were associated with variables related to diabetes
and its complications. On the other hand, deformities such
as hallux valgus, prominent metatarsal head, or pes cavus
were not associated with diabetes. Factors such as age,
gender or shoe choices were identified as factors independ-
ently associated with hallux valgus deformity for instance.
This reflects the variance and complexity of the etiology of
different foot deformities among the Jordanian diabetic
population.

LIST OF ABBREVIATIONS

BMI = Body Mass Index

CKD = Chronic Kidney Disease

DFUs = Diabetic Foot Ulcers

DM = Diabetes Mellites

HBAIC = Glycosylated Hemoglobin

HTN = Hypertension

D = Jordanian Dinar

MRI = Magnetic Resonance Imaging

NCDEG = National Center for Diabetes, Endocrinol-
ogy, and Genetics (NCDEG)

PAD = Peripheral Arterial Disease

WHO = World Health Organization

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE

Ethical approval was obtained from the ethics office at
the NCDEG.

HUMAN AND ANIMAL RIGHTS
Not applicable.

CONSENT FOR PUBLICATION

Participants were aware of the purpose of this study by
providing them a written information form including con-
sent.

AVAILABILITY OF DATA AND MATERIALS
Not applicable.

FUNDING

None.



Prevalence and Associates of Foot Deformities among Patients

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS

The first author acknowledges the provided scholarship
from the National Center for Diabetes, Endocrinology, and
Genetics (Amman, Jordan) which in this study was success-
fully undertaken in full fulfillment of a master’s degree at
University of Jordan (2009).

SUPPLEMENTARY MATERIAL

Supplementary material is available on the publisher’s
web site along with the published article.

REFERENCES

[1] Ajlouni K, Batieha A, Jaddou H, et al. Time trends in diabetes
mellitus in Jordan between 1994 and 2017. Diabet Med 2019;
36(9): 1176-82.
http://dx.doi.org/10.1111/dme.13894 PMID: 30614070

2] Bakri FG, Allan AH, Khader YS, Younes NA, Ajlouni KM. Preva-
lence of diabetic foot ulcer and its associated risk factors among
diabetic patients in Jordan. J Med J 2012; 46(2): 118-25.

[3] AlAyed MY, Younes N, Al-Smady M, Khader YS, Robert AA,
Ajlouni K. Prevalence of foot ulcers, foot at risk and associated risk
factors among Jordanian diabetics. Curr Diabetes Rev 2017; 13(2):
182-91.
http://dx.doi.org/10.2174/1573399812666151210143140  PMID:
26652612

[4] Jbour AS, Jarrah NS, Radaideh AM, et al. Prevalence and predic-
tors of diabetic foot syndrome in type 2 diabetes mellitus in Jordan.
Saudi Med J 2003; 24(7): 761-4.
PMID: 12883610

[5] Armstrong DG, Boulton AJM, Bus SA. Diabetic foot ulcers and
their recurrence. N Engl J Med 2017; 376(24): 2367-75.
http://dx.doi.org/10.1056/NEJMral615439 PMID: 28614678

[6] Boulton AJ. The pathway to foot ulceration in diabetes. Med Clin
North Am 2013; 97(5): 775-90.
http://dx.doi.org/10.1016/j.mcna.2013.03.007 PMID: 23992891

[7] Ledoux WR, Shofer JB, Smith DG, et al. Relationship between
foot type, foot deformity, and ulcer occurrence in the high-risk dia-
betic foot. J Rehabil Res Dev 2005; 42(5): 665-72.
http://dx.doi.org/10.1682/JRRD.2004.11.0144 PMID: 16586192

[8] Menz HB, Zammit GV, Munteanu SE. Plantar pressures are higher
under callused regions of the foot in older people. Clin Exp Derma-
tol 2007; 32(4): 375-80.
http://dx.doi.org/10.1111/.1365-2230.2007.02421.x PMID:
17425648

[9] Tang UH, Ziigner R, Lisovskaja V, Karlsson J, Hagberg K, Tran-
berg R. Foot deformities, function in the lower extremities, and
plantar pressure in patients with diabetes at high risk to develop
foot ulcers. Diabet Foot Ankle 2015; 6(1): 27593.
http://dx.doi.org/10.3402/dfa.v6.27593 PMID: 26087865

[10] Yavuz M. American Society of Biomechanics Clinical Biomechan-
ics Award 2012: plantar shear stress distributions in diabetic pa-
tients with and without neuropathy. Clin Biomech (Bristol, Avon)
2014;29(2): 223-9.
http://dx.doi.org/10.1016/j.clinbiomech.2013.11.003 PMID:
24332719

[11] Searle A, Spink MJ, Ho A, Chuter VH. Association between ankle
equinus and plantar pressures in people with diabetes. A systematic
review and meta-analysis. Clin Biomech (Bristol, Avon) 2017; 43:
8-14.
http://dx.doi.org/10.1016/j.clinbiomech.2017.01.021 PMID:
28167343

[12] Volmer-Thole M, Lobmann R. Neuropathy and diabetic foot syn-
drome. Int J Mol Sci 2016; 17(6)E917
http://dx.doi.org/10.3390/ijms17060917 PMID: 27294922

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Current Diabetes Reviews, 2020, Vol. 16, No. 5 481

Bus SA. Foot structure and footwear prescription in diabetes melli-
tus. Diabetes Metab Res Rev 2008; 24(S1)(Suppl. 1): S90-5.
http://dx.doi.org/10.1002/dmrr.840 PMID: 18386782

LiJ, Cao Y, Liu W, Wang Q, Qian Y, Lu P. Correlations among
diabetic microvascular complications: a systematic review and
meta-analysis. Sci Rep 2019; 9(1): 3137.
http://dx.doi.org/10.1038/s41598-019-40049-z PMID: 30816322
van Schie CH, Vermigli C, Carrington AL, Boulton A. Muscle
weakness and foot deformities in diabetes: relationship to neuropa-
thy and foot ulceration in caucasian diabetic men. Diabetes Care
2004; 27(7): 1668-73.

http://dx.doi.org/10.2337/diacare.27.7.1668 PMID: 15220244
Allan J, Munro W, Figgins E. Foot deformities within the diabetic
foot and their influence on biomechanics: A review of the litera-
ture. Prosthet Orthot Int 2016; 40(2): 182-92.
http://dx.doi.org/10.1177/0309364615592705 PMID: 26209425
Jeffcoate WJ, Bus SA, Game FL, Hinchliffe RJ, Price PE, Schaper
NC. Reporting standards of studies and papers on the prevention
and management of foot ulcers in diabetes: required details and
markers of good quality. Lancet Diabetes Endocrinol 2016; 4(9):
781-8.

http://dx.doi.org/10.1016/S2213-8587(16)30012-2 PMID:
27177729

National Center for Diabetes. Endocrinology and Genetics
http://www.ncd.org.jo/

Mansour AA, Imran HJ. Foot abnormalities in diabetics: preva-
lence and predictors in Basrah, Iraq. Pak J Med Sci 2006; 22(3):
229.

Organization WH. Definition and diagnosis of diabetes mellitus
and intermediate hyperglycaemia: report of a WHO/IDF consulta-
tion. 2006.

Organization WH. Guidelines for controlling and monitoring the
tobacco epidemic. World Health Organization 1998.

Apelqvist J, Bakker K, van Houtum WH, Schaper NC. Interna-
tional Working Group on the Diabetic Foot (IWGDF) Editorial
Board. Practical guidelines on the management and prevention of
the diabetic foot: based upon the International Consensus on the
Diabetic Foot (2007) Prepared by the International Working Group
on the Diabetic Foot. Diabetes Metab Res Rev 2008; 24(Suppl. 1):
S181-7.

http://dx.doi.org/10.1002/dmrr.848 PMID: 18442189

Schumacher C, Glosner SE. Assessment of pain and impact of care
among patients with painful diabetic peripheral neuropathy. J Am
Pharm Assoc (2003) 2014; 54(1): 14-8.
http://dx.doi.org/10.1331/JAPhA.2014.13049 PMID: 24257634
Abbott CA, Malik RA, van Ross ER, Kulkarni J, Boulton AlJ.
Prevalence and characteristics of painful diabetic neuropathy in a
large community-based diabetic population in the U.K. Diabetes
Care 2011; 34(10): 2220-4.

http://dx.doi.org/10.2337/dc11-1108 PMID: 21852677

Dahmen R, Haspels R, Koomen B, Hoeksma AF. Therapeutic
footwear for the neuropathic foot: an algorithm. Diabetes Care
2001; 24(4): 705-9.

http://dx.doi.org/10.2337/diacare.24.4.705 PMID: 11315835
Definition F. Definitions for the Clothing and Textile Industry.
Available from: https://www.apparelsearch.com/definitions/
clothing/footwear_definition.htm

Nix S, Smith M, Vicenzino B. Prevalence of hallux valgus in the
general population: a systematic review and meta-analysis. J Foot
Ankle Res 2010; 3(1): 21.
http://dx.doi.org/10.1186/1757-1146-3-21 PMID: 20868524
Boulton AJ. Pressure and the diabetic foot: clinical science and
offloading techniques. Am J Surg 2004; 187(5A): 17S-24S.
http://dx.doi.org/10.1016/S0002-9610(03)00297-6 PMID:
15147987

Coughlin MJ. Mallet toes, hammer toes, claw toes, and corns.
Causes and treatment of lesser-toe deformities. Postgrad Med 1984;
75(5): 191-8.

http://dx.doi.org/10.1080/00325481.1984.11698001 PMID:
6709528

Sella EJ, Barrette C. Staging of Charcot neuroarthropathy along the
medial column of the foot in the diabetic patient. J] Foot Ankle Surg
1999; 38(1): 34-40.
http://dx.doi.org/10.1016/S1067-2516(99)80086-6 PMID:
10028468



482 Current Diabetes Reviews, 2020, Vol. 16, No. 5

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Ledoux WR, Shofer JB, Ahroni JH, Smith DG, Sangeorzan BJ,
Boyko EJ. Biomechanical differences among pes cavus, neutrally
aligned, and pes planus feet in subjects with diabetes. Foot Ankle
Int 2003; 24(11): 845-50.
http://dx.doi.org/10.1177/107110070302401107 PMID: 14655889
Campbell RR, Hawkins SJ, Maddison PJ, Reckless JP. Limited
joint mobility in diabetes mellitus. Ann Rheum Dis 1985; 44(2):
93-7.

http://dx.doi.org/10.1136/ard.44.2.93 PMID: 3977415

Smith DG, Barnes BC, Sands AK, Boyko EJ, Ahroni JH. Preva-
lence of radiographic foot abnormalities in patients with diabetes.
Foot Ankle Int 1997; 18(6): 342-6.
http://dx.doi.org/10.1177/107110079701800606 PMID: 9208292
Formosa C, Gatt A, Chockalingam N. Diabetic foot complications
in Malta: prevalence of risk factors. Foot 2012; 22(4): 294-7.
http://dx.doi.org/10.1016/j.fo0t.2012.08.008 PMID: 22981100
Léazaro-Martinez JL, Aragén-Sanchez FJ, Beneit-Montesinos JV,
Gonzalez-Jurado MA, Garcia Morales E, Martinez Hernandez D.
Foot biomechanics in patients with diabetes mellitus: doubts re-
garding the relationship between neuropathy, foot motion, and de-
formities. ] Am Podiatr Med Assoc 2011; 101(3): 208-14.
http://dx.doi.org/10.7547/1010208 PMID: 21622632

Mehra BR, Thawait AP, Karandikar SS, Gupta DO, Narang RR.
Evaluation of foot problems among diabetics in rural population.
Indian J Surg 2008; 70(4): 175-80.
http://dx.doi.org/10.1007/s12262-008-0048-2 PMID: 23133052
Dinh TL, Veves A. A review of the mechanisms implicated in the
pathogenesis of the diabetic foot. Int ] Low Extrem Wounds 2005;
4(3): 154-9.

http://dx.doi.org/10.1177/1534734605280130 PMID: 16100096
Shaw JE, Boulton AJ. The pathogenesis of diabetic foot problems:
an overview. Diabetes 1997; 46(Suppl. 2): S58-61.
http://dx.doi.org/10.2337/diab.46.2.S58 PMID: 9285501

Bus SA, Maas M, Michels RP, Levi M. Role of intrinsic muscle
atrophy in the etiology of claw toe deformity in diabetic neuropathy
may not be as straightforward as widely believed. Diabetes Care
2009; 32(6): 1063-7.

http://dx.doi.org/10.2337/dc08-2174 PMID: 19279305

Delbridge L, Ctercteko G, Fowler C, Reeve TS, Le Quesne LP. The
aetiology of diabetic neuropathic ulceration of the foot. Br J Surg
1985; 72(1): 1-6.

http://dx.doi.org/10.1002/bjs.1800720102 PMID: 3881153
Sanz-Corbalan I, Lazaro-Martinez JL, Garcia-Morales E, Aragon-
Sénchez J, Carabantes-Alarcon D, Garcia-Alvarez Y. Relationship
of limited joint mobility and foot deformities with neurological ex-
amination in patients with diabetes. Exp Clin Endocrinol Diabetes
2013; 121(4): 239-43.

http://dx.doi.org/10.1055/s-0032-1329981 PMID: 23329582

Al Mousa M, Al-Ardah M, Al-Ajlouni J, Younes N. Clinical fac-
tors associated with Charcot foot. Diabetic Foot J 2011; 14(3): 124-
9.

Lavery LA, Armstrong DG, Wunderlich RP, Tredwell J, Boulton
AJ. Diabetic foot syndrome: evaluating the prevalence and inci-
dence of foot pathology in Mexican Americans and non-Hispanic
whites from a diabetes disease management cohort. Diabetes Care
2003; 26(5): 1435-8.

http://dx.doi.org/10.2337/diacare.26.5.1435 PMID: 12716801

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Ababneh et al.

Marks RM. Complications of foot and ankle surgery in patients
with diabetes. Clin Orthop Relat Res 2001; (391): 153-61.
http://dx.doi.org/10.1097/00003086-200110000-00016 PMID:
11603663

Arsanjani Shirazi A, Nasiri M, Yazdanpanah L. Dermatological
and musculoskeletal assessment of diabetic foot: A narrative re-
view. Diabetes Metab Syndr 2016; 10(2)(Suppl. 1): S158-64.
http://dx.doi.org/10.1016/j.dsx.2016.03.004 PMID: 27016885
Frykberg RG, Belczyk R. Epidemiology of the Charcot foot. Clin
Podiatr Med Surg 2008; 25(1): 17-28.
http://dx.doi.org/10.1016/j.cpm.2007.10.001 PMID: 18165108
Gazis A, Pound N, Macfarlane R, Treece K, Game F, Jeffcoate W.
Mortality in patients with diabetic neuropathic osteoarthropathy
(Charcot foot). Diabet Med 2004; 21(11): 1243-6.
http://dx.doi.org/10.1111/j.1464-5491.2004.01215.x PMID:
15498092

Wukich DK, Sung W. Charcot arthropathy of the foot and ankle:
modern concepts and management review. J Diabetes Complica-
tions 2009; 23(6): 409-26.
http://dx.doi.org/10.1016/j.jdiacomp.2008.09.004 PMID: 18930414
Jorgensen ME, Almdal TP, Faerch K. Reduced incidence of lower-
extremity amputations in a Danish diabetes population from 2000
to 2011. Diabet Med 2014; 31(4): 443-7.
http://dx.doi.org/10.1111/dme.12320 PMID: 24111834

Santosa F, Moysidis T, Kanya S, Babadagi-Hardt Z, Luther B,
Kroger K. Decrease in major amputations in Germany. Int Wound J
2015; 12(3): 276-9.

http://dx.doi.org/10.1111/iwj.12096 PMID: 23738682
Martinez-Goémez DA, Moreno-Carrillo MA, Campillo-Soto A,
Carrillo-Garcia A, Aguayo-Albasini JL. Reduction in diabetic am-
putations over 15 years in a defined Spain population. Benefits of a
critical pathway approach and multidisciplinary team work. Rev
Esp Quimioter 2014; 27(3): 170-9.

PMID: 25229372

Lombardo FL, Maggini M, De Bellis A, Seghieri G, Anichini R.
Lower extremity amputations in persons with and without diabetes
in Italy: 2001-2010. PLoS One 2014; 9(1): e86405.
http://dx.doi.org/10.1371/journal.pone.0086405 PMID: 24489723
Lai YJ, Hu HY, Lin CH, Lee ST, Kuo SC, Chou P. Incidence and
risk factors of lower extremity amputations in people with type 2
diabetes in Taiwan, 2001-2010. J Diabetes 2015; 7(2): 260-7.
http://dx.doi.org/10.1111/1753-0407.12168 PMID: 24823436

Otte J, van Netten JJ, Woittiez A-JJ. The association of chronic
kidney disease and dialysis treatment with foot ulceration and ma-
jor amputation. J Vasc Surg 2015; 62(2): 406-11.
http://dx.doi.org/10.1016/j.jvs.2015.02.051 PMID: 25937604
Jindeel A, Gessert C, Johnson BP. Variation and trends in lower
extremity amputation rates in Los Angeles country hospitals 2000-
2010. Int J Low Extrem Wounds 2016; 15(3): 232-40.
http://dx.doi.org/10.1177/1534734616653843 PMID: 27335119
van Schie CH, Vermigli C, Carrington AL, Boulton A. Muscle
weakness and foot deformities in diabetes: relationship to neuropa-
thy and foot ulceration in caucasian diabetic men. Diabetes Care
2004; 27(7): 1668-73.

http://dx.doi.org/10.2337/diacare.27.7.1668 PMID: 15220244
Doria M, Rosado V, Pacheco LR, ef al. Prevalence of diabetic foot
disease in patients with diabetes mellitus under renal replacement
therapy in Lleida, Spain BioMed Research International 2016.


https://www.researchgate.net/publication/336200919

	Prevalence and Associates of Foot Deformities among Patients withDiabetes in Jordan
	Abstract: Objectives
	Methods:
	Results:
	Conclusion:
	Keywords:
	1. INTRODUCTION
	2. METHODS
	3. RESULTS
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 6.
	4. DISCUSSION
	5. STRENGTH AND LIMITATIONS
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS�
	CONSENT FOR PUBLICATION�
	AVAILABILITY OF DATA AND MATERIALS�
	FUNDIN
	CONFLICT OF INTEREST�
	ACKNOWLEDGEMENTS�
	SUPPLEMENTARY MATERIAL
	REFERENCES



