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Abstract

Objective: Hyperglycemia leads to increase advanced glycation end products (AGES) in patients
with type 1 and type 2 diabetes. Subsequently, formation of AGEs can cause increased plantar
fascial thickness (PFT), an imaging feature of plantar fasciitis (PF). This study evaluates the
prevalence of PF in a contemporary cohort of type 1 diabetes and type 2 diabetes patients managed
according to current standards, compared to patients without diabetes.

Research design and methods: This is a five-year prevalence study in a large tertiary health
system (approximately 535,000 patients/visits/year) with a single electronic medical record
(EMRY), applying a cohort discovery tool and database screen (Data Direct) with use of ICD-9 and
ICD-10 codes. All patients with a PF diagnosis between 01/01/2011 and 01/01/2016 were
included and divided into 3 groups: type 1 diabetes (7148 patients), type 2 diabetes (61,632
patients), and no diabetes (653,659 patients). Prevalence rates were calculated, accounting for
other risk factors including BMI and gender using Fisher’s exact test.

Results: The overall prevalence of PF in the entire study population was 0.85%. Prevalence rates
were higher in patients with diabetes, particularly with type 2 diabetes (42% and 64% higher
compared with patients with type 1 diabetes and no diabetes respectively). Individually, PF rates
were 0.92% in type 1 diabetes and 1.31% in type 2 diabetes compared with 0.80% in patients with
no diabetes (Type 1 vs. no diabetes p = 0.26; Type 2 vs. no diabetes p << 0.0001; Type 1 vs. Type 2
diabetes p = 0.0054). Females in all groups had higher prevalence of PF than males (p <« 0.0001
for all), with those patients with diabetes having higher prevalence rates than those without
diabetes. Patients with higher BMI levels (BMI = 30 kg/m?) were also more likely to have PF in
all categories except males with type 1 diabetes (p = 0.40).
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Conclusions: In this large contemporary population managed in a tertiary health system,
prevalence rates of PF were substantially higher in patients with diabetes compared with no

diabetes, particularly in type 2 diabetes. Female gender and higher BMI were also associated with
higher prevalence of PF in this cohort.
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Plantar fasciitis; Type 1 diabetes mellitus; Type 2 diabetes mellitus; Secondary diabetic
complications; Advanced glycation end product

1. Introduction

Plantar fasciitis (PF) is reported to be the most common cause of plantar heel pain and is one
of the most commonly seen conditions by foot and ankle specialists.1~* It has been reported
that approximately 10% of the population in the United States develop PF in their lifetime®6
and this condition accounts for >1 million outpatient visits annually.#-6 Nahin’s recent
survey data revealed that the overall prevalence of PF was 0.85% and a higher prevalence
was seen in women (1.19%) versus men (0.47%), those aged 45-64 (1.33%) versus 18-44
(0.53%), and in those with BMI = 25 kg/m? (1.48%) versus BMI <« 25 kg/m? (0.29%).” PF
has been reported in both the non-active and active patient population® and presents
bilaterally in about one third of patients.8 The incidence of PF is classically seen in adults,
between 40 and 60 years of age with variable reporting on gender predilection.* The
characteristic complaint is pain on standing after a period of rest and is primarily located at
the plantar medial tubercle of the heel.? Associated significant intrinsic risk factors may
include increased age, obesity, biomechanical dysfunction, acquired systemic disease, ankle
equinus, excessive pronation, arch collapse, and/or gene variants.#%10 Significant extrinsic
risk factors include repetitive microtrauma, prolonged weight bearing, shoe gear, increase in
physical demands, sleeping posture, and/or sport participation.*10 Schneider et al. has
described the anatomy and histologic properties of the plantar fascia in detail.# It has been
reported that asymptomatic, “normal”, plantar fascial thickness (PFT) is 2.3-4.3 mm, with
an average of approximately 3.4 mm.11-19 Ultrasound evaluation studies have shown that
patients with PF exhibit a thickening of their plantar fascia, compared to normal
asymptomatic patients.1120 Symptomatic PFT in patients with active PF measures
approximately 4 mm or greater,11:14.21

In 2017 it was reported that 30.3 million Americans (9.4% of the United States population)
had diabetes; 23.1 million people were diagnosed and 7.2 million people were undiagnosed.
22 Hyperglycemia is one of the main driving risk factors involved in the pathogenesis of
diabetes complications,23-26 through multiple pathways, including increased protein
glycation and a gradual build-up of advanced glycation end products (AGEs) in all
complications-prone tissues.2’ Musculoskeletal complications of DM are the most common
endocrine arthropathies.28 Frozen shoulder, rotator cuff tears, Dupuytren’s contracture,
trigger finger, and cheiroarthropathy are among the most common conditions in the upper
extremity, while Achilles tendon tightness (i.e. equinus), heel spurs, and increased PFT are
the most common musculoskeletal conditions in the lower extremity.3:29.30
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To our knowledge, the prevalence of PF in patients with type 1 diabetes and type 2 diabetes,
or the association between PFT and the development of symptomatic PF in these patients
has not yet been well-studied. The goal of this study was to evaluate the PF prevalence rates
and risk factors in a large contemporary cohort of adult patients with type 1 diabetes and
type 2 diabetes followed according to current standards of care in a tertiary health system
over a 5-year period compared to no diabetes, using a cohort discovery tool.

2. Materials and methods
2.1. Study design

This study is a five-year prevalence study in a large tertiary health system (approximately
535,000 patients/visits/year) with a single electronic medical record (EMR) applying a
cohort discovery tool and database (Data Direct) with use of ICD-9 and ICD-10 codes. Data
Direct is a software developed by the University of Michigan Medical School Office of
Research specifically developed to mine the entire health system database at our institution
(University of Michigan Health System). This self-serve tool directly mines entire
information from the EMR, including diagnoses, encounters, clinic visits, clinic locations,
insurance information, demographics, vital status, and laboratory tests for all Michigan
Medicine facilities (https:/datadirect.med.umich.edu).3! Fig. 1 shows the study design in
flow chart format.

2.2. Setting

A large tertiary health system with a single electronic medical record (EMR) across all
outpatient clinics, providing care to approximately 4 million patients available in the Data
Direct database. Patients with PF are currently seen mainly across 6 specialty centers
including the Comprehensive Diabetes Center Clinic of the Division of Metabolism,
Endocrinology, and Diabetes (MEND), that houses a high volume podiatry service with 6
board certified podiatrists who specialize in the management of diabetic foot complications
and amputation prevention.32

2.3. Participants

All alive adult patients age 18 and above presented in the Data Direct system from
01/01/2011 through 01/01/2016 were included. Inclusion criteria comprised all genders,
races, marital status, locations, providers, insurances. Patients who had history of smoking,
alcohol use, illegal drug, and were sexually active were included. Patients who were
deceased were excluded from this study. All patients with a PF diagnosis meeting eligibility
that were included in this study were divided into 3 groups: Type 1 diabetes (7148 patients),
type 2 diabetes (61,632 patients), and no diabetes (653,659 patients).

2.4. Variables

The counts and rates of PF were determined from ICD-9 and ICD-10 codes. With the use of
these codes, we were able to identify patients with PF and type 1 diabetes, PF and type 2
diabetes, and PF and no diabetes. We also evaluated the subsets by gender (male or female)
and BMI (0-29.9 kg/m? or 30-100 kg/m?).
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2.5. Statistical methods

Prevalence rates were calculated and Fisher’s exact test was used to test association risk
factor and prevalence of PF in the overall population. Cochran-Mantel-Haenszel Statistics
was used for testing association between diabetes and prevalence of PF adjusting for BMI
and gender effect. Fisher’s exact test was also used to test association between diabetes and
prevalence of PF and within stratified sub populations by gender and BMI. Similar analysis
was used to study gender and BMI effect one at a time within each of the three diabetes
groups stratified by the other factor. All statistical analysis was completed using SPSS
statistical software, version 22 (SPSS Inc., Chicago, IL) and SAS software (Copyright ©
2002-2012 SAS Institute Inc., Cary, NC, USA). For all analysis, p-value < 0.05 was
considered statistically significant.

3. Results

There were 4,077,883 patients available for analysis in the Data Direct cohort tool. After
eliminating deceased patients, there were 3,974,051 patients available for analysis
(1,865,834 male; 2,108,217 female). When applying the study date range specifications, age
restriction (18+) and BMI subsets (0-29.9 kg/m?; 30-100 kg/m?2) there were 722,439
patients available for analysis (313,409 male; 409,030 female). After entering ICD-9 and
ICD-10 codes for type 1 diabetes, 7148 patients were available (3595 male; 3553 female)
and after entering ICD-9 and ICD-10 codes for type 2 diabetes, 61,632 patients were
available (31,495 male; 30,137 female). The remaining 653,659 patients did not have
diabetes (278,319 male; 375,340 female). The ICD-9 and ICD-10 codes for PF were then
added to evaluate the number of patients with type 1, type 2 and no diabetes with PF (type 1
diabetes and PF 66 patients; type 2 diabetes and PF 809 patients; no diabetes and PF 5261
patients).

The overall prevalence of PF at our institution during the study period was 0.85%. The
prevalence of PF in patients with type 1 diabetes, type 2 diabetes, and no diabetes was
0.92%, 1.31%, and 0.80%, respectively. Patients with type 2 diabetes had significantly
higher rate of PF than patients with type 1 diabetes (p << 0.0054) and no diabetes (p <
0.0001). Difference between type 1 diabetes and no diabetes group was not statistically
significant (Table 1).

After adjusting for the effect of BMI and gender, the results remained similar. Within each of
the three groups, females had significantly higher risk of PF compared to males (p K
0.0001) (Table 2), with those patients with diabetes having higher prevalence rates than
those without diabetes. Stratified by diabetes status and gender, those patients (males and
females) in the high BMI group had a statistically higher prevalence of PF than in the low
BMI group in all categories except males with type 1 diabetes (Table 3).

Overall, we found the prevalence of PF in patients with type 2 diabetes was 42% and 64%
higher than both patients with type 1 diabetes and without diabetes, respectively. High BMI
impacted the prevalence of PF throughout all groups (both male and female) with the
exception of males with type 1 diabetes.
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4. Discussion

This study evaluated the prevalence of PF in the type 1 diabetes and type 2 diabetes patient
population when compared to patients without diabetes in a large cohort followed according
to current standards of care in a tertiary health system. We found the prevalence of PF in
patients with type 2 diabetes was 42% and 64% higher than both patients with type 1
diabetes and without diabetes, respectively. Overall, female gender and high BMI impacted
the prevalence of PF throughout all groups with the exception of males with type 1 diabetes.

The overall prevalence of PF in our study was 0.85%, which is similar to the results
demonstrated in recently published work by Nahin et al.” Our study further suggests that
patients with type 2 diabetes have a higher prevalence of PF than patients with type 1
diabetes and patients without diabetes. A potential mechanism that may explain such
findings are related to AGE formation. Hyperglycemia is an important driver of increased
AGE formation in patients with diabetes,2” and AGE formation was reported to cause
increased plantar fascial thickness, a recognized imaging feature of PF.11.20.29 AGEs form
on intracellular and extracellular proteins, lipids, nucleic acids and possess complex
structures that generate protein fluorescence and cross-linking.2” Protein glycation and
AGEs are accompanied by increased free radical activity that contributes towards the bio-
molecular damage in diabetes.2” In patients with diabetes, the Achilles tendon is thickened
by the same mechanism as the plantar fascia (i.e. AGES).

Wrobel et al. displayed the relationship that Achilles tendon contracture (equinus) has on
impacting peak forefoot pressures in patients with diabetes.33 Equinus may predispose
patients to increased pressures which can lead to ulceration and poor wound healing. There
is also additional evidence suggesting a significant association between vascular
complications and the development of musculoskeletal manifestations of diabetes mellitus,3*
which could complicate wound healing further.

The findings we report here in various subgroups bear additional attention, particularly that
female gender and high BMI increase the risk of PF. The role of BMI influence on the
thickness of the Achilles tendon and plantar fascia has been well established in the literature.
4.35-39 Apate et al. found that plantar fascia and Achilles tendon thickness is increased in the
early stages of type 2 diabetes and that BMI is related more to the plantar fascia than to
Achilles tendon thickness. As thickness and stiffness of the structures increases, the more
severe the overall alteration of the foot loading pattern can be. This is also a risk factor that
may contribute to diabetic foot ulcer development.29.35:40

This study is not without limitations. First, this is a retrospective study by design using
administrative data and ICD-9 and ICD-10 codes. It was the assumption that if a patient is
linked to a specific ICD-9 or ICD-10 code in Data Direct then the diagnosis is accurate. It
should be noted that the ICD-9 and ICD-10 codes for PF are the same as for a plantar
fibroma (i.e. plantar fascial fibromatosis) which could also lead to inaccurate matching of
diagnosis. It is known, however, that PF is a much more common diagnosis than a plantar
fibroma. Allen et al. reported 69 instances of plantar fibromatosis over a 45 year period and
Pickren et al. reported that the general population incidence would be lower than 1.75 per
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100,000.4142 In addition, there could potentially be a lack of accuracy in the diagnosis of
plantar fasciitis by medical professionals who were not trained in the foot and ankle,
possibly missing other common differential diagnoses for heel pain (i.e. tarsal tunnel
syndrome, infracalcaneal bursitis, etc.). Our study also did not stratify based on different age
levels, diabetic complications or glycemic control (i.e. Hemoglobin Alc levels) given the
limitation of the Data Direct software. Last, it is highly possible that subjects with
undiagnosed type 1 diabetes or type 2 diabetes may also have been included in the no
diabetes population. Last, it should be mentioned that there has been no imaging reviewed
from the patients included in this study to confirm if patients with PF have signs of PFT.

Further research is needed to specifically evaluate the link between AGE build up and PF in
the patients with diabetes. It would be important to evaluate Hemoglobin Alc levels with PF
diagnosis development and response to treatment. Also, it would be interesting to examine
the temporal relationship between microvascular complications and PFT. The prevalence of
PF concurrently with ankle equinus in patients with diabetes is unknown as well as the
relationship between microvascular complications and PFT and equinus. Appropriate
imaging (i.e. ultrasound, MRI) could also be reviewed and/or performed on these patients to
evaluate for a correlation of increased incidence of PF and increased PFT.

5. Conclusions

We found the prevalence of PF in patients with type 2 diabetes was 42% and 64% higher
than both patients with type 1 diabetes and without diabetes, respectively. Overall, female
gender and high BMI impacted the prevalence of PF throughout all groups with the
exception of males with type 1 diabetes.
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INITIAL COUNT
n=4,077,883
Vital Status: Alive and Deceased

DEMOGRAPHICS
n=3,974,051
—> M 1,865,834
—F 2,108,217
Marital Status: all
Race: all
Vital Status: Alive only

|

ENCOUNTERS
n=722439
Date of Service: 01/01/2011-01/01/2016
Age at Date of Service: 18 years +
BMI (kg/m?): 0-29.9; 30-100
Clinic Locations: all
Provider(s): all
Insurance information: all

DIAGNOSIS 1
Diabetes Mellitus
Type 1 Diabetes n=7,148
Type 2 Diabetes n=61,632
no Diabetes n=653,659
Codes: ICD-9 and ICD-10

DIAGNOSIS 2
Plantar Fasciitis (PF)
No Plantar Fasciitis: 716,303 (99.15%)

Plantar Fasciitis: 6,136 (0.85%)
Codes: ICD-9 and ICD-10

Fig. 1.
Study design flow chart.
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