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Abstract
Background: Patients with type 1 diabetes have a lower bone mineral density (BMD) and up to

6-fold higher risk of fracture compared to healthy subjects, justifying the classification of the
disease as a non-modifiable risk factor for osteoporosis. The literature describes a variety of risk
factors for low BMD in patients with type 1 diabetes, with some conflicting evidence. Data on
osteoporosis and related factors in patients with type 1 diabetes in Ethiopia, Africa, and other low-
and middle-income countries is lacking.

Objectives: To determine the risk factors for osteoporosis and falls, their association, and
knowledge in patients with Type 1 Diabetes age 40 years and above.

Methods: An institution-based cross-sectional study was conducted from June 1 to August 31,
2023GC at the diabetes clnic in Tikur Anbessa Specialized Hospital, Addis Ababa. All patients
with Type 1 diabetes age 40 years and above attending the diabetes clinic during 2023GC were
enrolled. Data was collected through pretested structured interviewer-administered questionnaires
and analyzed using SPSS version 26. The statistical association was tested using Pearson's
correlation coefficient, chi-square test, bivariate and multivariable logistic regression. Statistical
significance was considered at a level of significance of 5%, and an adjusted odds ratio (AOR)
with a 95% confidence mterval (CI) was used to present the estimates of the strength of the
association. Fially, outcomes were presented with tables, figures, and statements.

Results: This study involved a total of 106 participants of which 54.7% were males and 47.2%
were between the ages of 40-44 years. Ninety-six percent of the study participants were living with
Diabetes for more than 10 years and two-thirds had persistent proteinuria. Fifty-two percent had
diabetic eye complications, 10.4% had an eGFR of <60ml/min/1.73m?> while 9.4% of the
participants consumed more than three units of alcohol per day. Only two participants had a high
FRAX fracture risk score but 13.2% had a history of previous fragility fracture. Age and duration
of diabetes had a positive correlation and eGFR had a negative one with the 10-year probability of
a major osteoporosis-related and hip fracture. The magnitude of osteoporosis was 15%. Fifteen
percent of the study participants had frequent falls and 13.2% had a high concern of falling. Being
female (AOR=1.6, 95% CI=1.42, 5.88), having previous fragility fractures (AOR=1.8, 95%
CI=1.04, 9.27), and osteoporosis (AOR=4.1, 95% CI=1.15, 16.49) were associated with frequent
falls. Eighty-three percent had poor knowledge about osteoporosis with a higher level of education

associated with a higher level of osteoporosis knowledge. The factors associated with osteoporosis



were female gender (AOR=1.8, 95% CI=1.41, 7.69), excess alcohol use (AOR=5.7, 95% CI=1.69,
47.38), diabetic eye complications (AOR=4.7, 95% CI=1.91, 24.35), and frequent falls (AOR=5.6,
95% CI=1.19, 26.15).

Conclusion: Type 1 diabetes carries an increased risk of osteoporosis, falls, and fractures. Being
female, having previous fragility fractures and osteoporosis had a positive association with
frequent falls, whereas being female, excess alcohol use, diabetic eye complications, and frequent
falls were independent determinants of osteoporosis. A significant osteoporosis knowledge deficit
was also seen among the participants with a higher level of education being positively associated.

A high concern of falling with difficulties maintaining balance were other concerning outcomes.

Keywords: Type 1 Diabetes, Osteoporosis, Falls, FRAX, Osteoporosis knowledge
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1. Introduction
Diabetes is a metabolic disease with long-term complications that is characterized by persistently

elevated blood glucose levels (1). Globally, the number of diabetics is gradually rising; according
to IDF projections, 537 million adults between the ages of 20 and 79 have the disease in 2021. The
greatest increase will occur in areas where economies are transitioning from low- to middle-
income status, primarily as a result of these countries' growing populations (3). The 2015 National
NCDs STEPS survey revealed that 3.2% of Ethiopians had diabetes (5). Around 1.9 million people
are estimated to have diabetes as of 2021, according to the IDF (3). According to a 2022 IDF
estimate, 19,998 people in Ethiopia have type 1 diabetes (4).

Osteoporosis is the leading cause of bone disease in humans. It is defined by low bone mass and
deterioration of bone structure, which increases the risk of fracture (7,8,9). You can divide the risk
factors for osteoporosis into modifiable and non-modifiable. Modifiable risk factors include
alcohol, smoking, low BMI, poor nutrition — low dietary calcum consumption, vitamin D
deficiency, eating disorders, madequate exercise and frequent falls (15,16). Fixed risk factors
include age, height loss, female gender, family history of osteoporosis, previous fracture, ethnicity,
estrogen deficiency and amenorrhea, menopause and hysterectomy. They also comprise

medications and conditions like diabetes mellitus (15,17).

When compared to healthy subjects, people with type 1 diabetes have alower bone mineral density
(BMD) and a six-fold higher chance of fracture (20,21,22). The early onset of the disease, which
frequently occurs before the peak of bone mass accrual, may play a part as seen in postmenopausal
women with type 1 diabetes whose onset occurred before age 20 (10,23,24,25). Systematic reviews
and meta-analyses revealed that type 1 diabetes increased the chance of hip and non-vertebral

fractures (10,26).

One research found no increase i fracture risk in the first five years of diabetes diagnosis, while
another found a higher risk with a duration of more than ten years (28,33). Patients with vascular
complications had a higher rise in therr fracture risk, while their BMD was lower (26). According
to the Blue Mountains Eye Study, people who have diabetic retinopathy, have had diabetes for
more than ten years, have cortical cataracts that cover less than 25% of the lens, and are taking

msulin have an increased chance of all fractures combined (28). Although only about 2% of the
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participants had type 1 diabetes, Lee et al. found that neuropathy accounted for about 20% of the
chance of hip and other fractures (29).

In older individuals with type 1 diabetes, poorer glycemic control, AGE accumulation, and kidney
disease were found to be independent risk factors for lower hip BMD (34). Data from two reviews
indicated that factors related with osteoporosis in type 1 diabetes included younger age at diabetes
onset, male sex, lower BMI, poor glycemic control, microvascular complications, smoking status,

alcohol mtake, and menopausal status, BMI, and clustering of autoimmune diseases (35,36).

There is no data regarding osteoporosis and its associated factors i patients with type 1 diabetes
in Ethiopia and Africa. A study on osteoporosis in Africa only mentioned diabetes as a fixed risk
factor and not further in detail (37). An Ethiopian study found the musculoskeletal complications
of diabetes to be remarkably high, but evaluation for osteoporosis was not performed (50). The
available lmited literature does not show data from low- and middle-income countries as well.
The studies performed also have limitations including the involvement of non-Caucasian ethnic
groups and younger patients, scarcity and unavailability of DXA scans, and limited sample size.
In a North American study done to assess risk factors for low BMD in older type 1 diabetes
participants, they concluded that the findings were not generalizable due to the older age of the
participants and 96% being white (34). A study done in the same setting on natural history of
osteoporosis and type 1 diabetes involved women in their post-teenage years but 95% were white
(24). The number of participants with type 1 diabetes in most similar studies, even when conducted
in high-income countries, ranges from 63 to 139 (24,25,36,38,39). The current diabetes guidelines
do not provide specific guidance regarding bone health in type 1 diabetes (78). These observations
and the unknown magnitude of this problem in our setup raised this research concern. It will also
provide baseline data for Africans, for the current treatment gaps and to identify those at higher

risk for mtervention.
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2. Literature review

Diabetes is described as a chronic, metabolic disorder identified by elevated blood glucose levels,
with long term complications occurring in the heart, blood vessels, eyes, kidneys and nerves among
others (1). It results from defects in insulin secretion, insulin action, or both, and leads to altered
carbohydrate, fat and protein metabolism. Diabetes is found in every population i the world and
i all regions (2).

The number of people living with diabetes is steadily increasing worldwide, with IDF estimates
indicating 537 million adults, aged 20—79 years, affected in 2021. By 2030 this number is expected
to reach 643 million, and 783 million by 2045. The largest increase will take place in regions where
economies are moving from low to middle-income status due to the increase in population in these
countries. In contrast to having the lowest regional diabetes prevalence (4.5%), the number of
people with diabetes in the IDF Africa Region is expected to increase by 134% by 2045, the highest
predicted increase of all the IDF regions. Undiagnosed diabetes accounts for more the 50% of
people with diabetes in Africa. Deaths due to diabetes or its complications were estimated to be
6.7 million in 2021. The global health expenditure due to diabetes has also been substantial with
USD 966 billion spent in 2021 for adults aged 20—79 years. Over 90% of diabetes worldwide is
classified under type 2 diabetes, making it the most common type of diabetes (3).

In a 2022 IDF estimate of type 1 diabetes, 8.75 million people were living with the condition
worldwide, of which 7.23 million were adults. One fith (1.9 million) of these ndividuals live in
low-income and lower-middle-income countries (4). Ethiopia was found to have diabetes
prevalence of 3.2% based on the 2015 National NCDs STEPS survey (5). A 2021 IDF estimate
puts the number of adults with diabetes around 1.9 million (3). Ethiopia was also predicted to have
19,998 individuals living with type 1 diabetes in a 2022 IDF report (4). Diabetes necessitates
ongoing medical attention as well as multifaceted risk-reduction techniques beyond glucose

control (6).

Osteoporosis is the most common bone disease in humans, representing a major public health

problem (7). It is characterized by low bone mass and deterioration of bone structure that causes
13



bone fragility and increases the risk of fracture (8,9). Fractures are also a public health concern.
Fractures at the spine, hip, wrist, and humerus are major osteoporotic fractures (10). Worldwide,
osteoporosis causes over 8.9 million fractures annually, resulting in an osteoporosis fracture every
3 seconds (11). Notably, up to 20% of patients die in the first year after a hip fracture, and less
than half regain the previous level of function (12).

Using the WHO definition of osteoporosis, the disease affects approximately 6.3% of men over
the age of 50 and 21.2% of women over the same age range globally. Based on the world
population of men and women, this suggests that approximately 500 million men and women
worldwide may be affected (13,14). A systematic review estimated the global & African
prevalence of osteoporosis to be 19.7% and 26.9% respectively. Another meta-analysis reported
the worldwide prevalence of osteoporosis to be 18.3% with the highest prevalence of 39.5% found
in Africa. The prevalence was higher in developing countries (59,60).

The risk factors for osteoporosis can be classified as modifiable and non-modifiable. Several
modifiable risk factors have a direct effect on bone biology, resulting in an overall reduction in
bone mineral density (BMD). Still, some of them also increase the risk of fracture independently
of their effect on the bone itself. These include alcohol, smoking, low body mass index, poor
nutrition — low dietary calcium intake, vitamin D deficiency, eating disorders, insufficient exercise
and frequent falls (15,16). Fixed risk factors include age, height loss, female gender, family history
of osteoporosis, previous fracture, ethnicity, estrogen deficiency and amenorrhea, and menopause
and hysterectomy. Fixed risk factors also include disorders, diabetes mellitus being one, and
medications that weaken bone and affect balance (15,17). Secondary osteoporosis refers to
osteoporosis caused by certain medical conditions or medications that can cause bone loss,
increase fracture risk, directly or indirectly affect bone remodeling or mterfere with younger
people reaching their peak bone mass. Type 1 Diabetes has been mentioned as one of these causes

(7,8,18,19).

Most studies have shown that people with type 1 diabetes have lower bone mineral density (BMD)
compared with healthy subjects and an up to six-fold increase in fracture risk (20,21,22). Insulin/IGF 1
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deficiency appears to be a major pathogenetic mechanism leading to impaired osteoblastic bone formation,
with or without increased bone resorption. Glucose toxicity, marrow adiposity, inflammation, adipokine
and other metabolic alterations may play a role on altering bone turnover (20). Postmenopausal women
with type 1 diabetes and onset before age 20 years, had lower trabecular volumetric bone mineral density
(vBMD) indicating the early onset of the disease, often before the peak of bone mass accrual might play a
role (10,23,24,25,57,63). Eller-Vainicher and coauthors found about 30% of 175 type 1 diabetes
patients had low bone mass (osteopenia/osteoporosis) at spine and/or femur (54). Type 1 diabetes
was associated with increased risk of incident fracture that began in childhood and extended across
the life span, with a disproportionately greater number of lower extremity fractures being
sustained. Fractures also occurred 10-15 years earlier than they do n people without diabetes (77).

Systematic reviews and meta-analyses found an increase in the risk of fracture in type 1 diabetes
both for hip (RR 4.93, 3.06—7.95) and for non-vertebral fractures (RR 1.92, 0.92-3.99). The risk
of hip fractures was higher in Type 1 diabetes compared with type 2 and younger populations. The
majority of the reviewed data addressed white populations (10,26,27,70). BMD Z-score was
decreased in the spine (meant=SEM — 0.22+0.01) and hip (— 0.37+0.16) in type 1 diabetes, but the
small decrease n BMD does not explain the huge increase in the risk of fractures (26). Elevated
prevalence of asymptomatic vertebral fractures was associated with the presence of type 1 diabetes

independently of BMD (65).

The increase in fracture risk was higher and BMD lower in patients with complications of diabetes
(26). The blue mountains eye study showed increased risk of all fractures combined in those with
diabetic retinopathy, diabetes duration of >10 years, cortical cataract involving >25% of the lens area and
insulin therapy (28,71,72,73). Evaluation of fall frequency among older type 1 diabetes patients showed a
higher frequency of falls and injuries with severe hypoglycemia, diabetic peripheral neuropathy, and
depression being associated. A threefold higher risk for falls was seenin those with severe hypoglycemia

(21,41). Lee et al. reported that neuropathy explained around 20% of the risk of hip and any
fractures, though only about 2% of the participants had type 1 diabetes (29).

In young adults, diagnosis of osteoporosis relies not only on aBMD (T-score and not Z-score) but
also on multiple fragility fractures (10,20,30). To quantify an individual’s absolute fracture risk,
the  World Health  Organization (WHO) developed the FRAX®  calculator
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(http//www.shefac.uk/FRAX). It is a tool used to assess an individual's 10-year probability of
experiencing a major osteoporotic fracture (hip, clinical vertebral, humerus, or wrist) or hip
fracture specifically. The FRAX score considers several risk factors, including age, sex, body mass
index, previous fracture history, parental fracture history, glucocorticoid use, smoking status,
alcohol intake, and presence of several medical conditions. Osteoporosis can be defined using the
FRAX score as a 10-year probability of a major osteoporotic fracture of 20% or higher, or a 10-
year probability of a hip fracture of 3% or higher, mn the absence of a prior fragility fracture.
However, it is important to note that a FRAX score alone should not be used to diagnose
osteoporosis; it is one tool used to assess fracture risk and nform treatment decisions. Diagnosis
of osteoporosis typically mnvolves assessment of bone density using techniques such as DXA scan
(31,47,57). A study from Germany showed fracture occurrence was similar in type 1 & 2 diabetes
groups and related to lower BMD, but unrelated to the threshold T-score, <— 2.5 SD (32).

A 2007 World Health Organization report has suggested that fracture risk is not increased within
the first 5 years of diabetes (33), while a higher risk was observed with duration of diabetes greater
than 10 years in another study, although the proportion of type 2 patients was significant (28).

Glycated hemoglobin (HbA1C) was not linked to BMD and fracture risk in a meta-analysis in
2007 (26), but Poorer glycemic control, AGE accumulation, and kidney disease were found to be
independent risk factors for lower hip BMD in older adults with type 1 diabetes (34).

In a review done in 2014, factors found to contribute to osteoporosis in type 1 diabetes include
younger age at onset, male sex, lower BMI, poor glycemic control, microvascular complications,
and clustering of autoimmune disorders (autoimmune thyroid disease and celiac disease)
(35,56,72). A study in 2008 also found adult males with type 1 diabetes have reduced bone density
at the hip, femoral neck and spine when compared with age-matched control subjects. As well as,
sex hormone binding globulin concentration, smoking status and alcohol consumption, and (for
women) menopausal status, each of BMI, serum ionized calcium and serum alkaline phosphatase

(negatively) were independently associated with BMD (36,54,56).

In a study done in Tigray among the general population, residing in the rural setting and smoking
were positively associated with osteoporosis. In contrast, mik intake greater than four times a
week, and when work involves vigorous exercise, appeared to be associated with a reduced risk of

osteoporosis (61).

16



Every year, more than one-third of people 65 and older fall, and half of these falls are recurring.
A significant ijury, such as a hip fracture, other fracture, subdural hematoma, other serious soft-
tissue injury, or brain injury, occurs in approximately one out of every ten falls. Falls are related
to limited mobility, and areduction in capacity to perform daily activities (42,67). The risk of falls
in patients with diabetes was found to be 39%. In the same study, falls occurred more frequently
n female patients, with increasing age. with poor diabetic control, in those requiring assistance
with mobility: for those mobile with a stick and those who had previously suffered a stroke (43).
According to a meta-analysis, older persons with diabetes mellitus are more likely to fall, and this
link is stronger in insulin-treated patients (44). Risk factors for falls in patients with diabetes
include hypoglycemia, use of medications taken for high blood pressure, peripheral neuropathy
and vision loss (45). Studies showed an association with increased fear of falling and fear-
associated activity restriction, which modified the risk of falls even in the face of increased fall
risk factors (41,68). Abnormalities of balance and gait were shown to be common risk factors for

falls among community-dwelling older persons (42,45,67,69).

Routine screening for geriatric 1illnesses associated with diabetes, such as dementia,
depression, falls and hypoglycemia may be especially relevant in older persons due to the possible
barriers to diabetes self-management offered by these conditions (46). Patients with osteoporosis
should also be encouraged to maintain a healthy lifestyle and avoid behaviors that can increase
fracture risk, such as smoking and excessive alcohol consumption (47). Winzenberg and
colleagues designed the Osteoporosis Knowledge Assessment Tool (OKAT) for use in Australian
25-44-year-old females. Theirr study found levels of osteoporosis knowledge were low with a
mean score of 8.8 out 0f 20 (75). A study conducted in India to evaluate knowledge of osteoporosis
using a validated questionnaire, the Osteoporosis Knowledge Assessment Tool (OKAT), found
significant gaps in knowledge among the subjects at risk (48). A similar study in Cambodia using
the OKAT found the average mean score was 9.34 (+3.08) out of 20 and correlated significantly
with educational level (74). A Palestinian study of diabetic patients found madequate knowledge
of osteoporosis and recommended education mitiatives (49). Another study done i post-

menopausal women in Metu, Ethiopia, showed 61.6% of the participants had madequate
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knowledge towards the prevention of osteoporosis. Being younger, employed, better educated,
having a personal and family history of osteoporosis and getting information from families and
friends increased the odds of having adequate knowledge (62). Similarly, an Iraqi study found that
there was a low level of knowledge about risk factors, causes, symptoms, diagnosis, treatment, and

prevention of osteoporosis for patient with diabetes mellitus (66).
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3. Objectives

To determine the risk factors for osteoporosis and falls, their association, and knowledge in

patients with Type 1 Diabetes Mellitus age 40 years and above.

e To describe the modifiable risk factors for osteoporosis in patients with Type 1 Diabetes.

e To describe the non-modifiable risk factors for osteoporosis in patients with Type 1
Diabetes.

e To estimate the risk of fracture using the FRAX tool in patients with Type 1 Diabetes.

e To describe the magnitude of osteoporosis in patients with Type 1 Diabetes.

e To determmne the association of risk factors and osteoporosis in patients with Type 1
Diabetes.

e To identify the magnitude & risk factors for falls in patients with Type 1 Diabetes.

e To analyze the association of risk factors & falls in patients with Type 1 Diabetes.

e To assess knowledge of osteoporosis in patients with Type 1 Diabetes.
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4. Methodology

The study was conducted from June 1 to August 31, 2023GC at Tikur Anbessa Specialized
Hospital. The hospital, found in the capital Addis Ababa, is the largest referral hospital in Ethiopia
where specialized clinical services are rendered to the whole nation. It provides sub-specialist level
care for patients with diabetes at the diabetes referral clinic. The hospital employs an electronic
medical record keeping system where clinical data and laboratory profiles of patients are stored

and retrieved when needed. The study was carried out in the diabetes referral clinic of the hospital.

An institution-based cross-sectional study design was used.

The source population comprised of all patients diagnosed with type 1 diabetes mellitus who came
for follow up at the diabetes clinic of Tikur Anbessa Specialized Hospital in 2023GC. Based on
the Department of Internal Medicine monthly clinical audits for the 1 year prior to the start of the
study, the number of patients with Type 1 Diabetes Mellitus were 1967. The number of patients
with type 1 diabetes age 40 years and above attending the clinics was limited with 194 patients in
2023GC, as such the study population included all 194 patients.

Inclusion Criteria

e All patients diagnosed with type 1 diabetes mellitus with age 40 years and above

who had at least one prior visit to the diabetes clinic.

Exclusion Criteria
e Incomplete medical records (2 or more missing lab data, missing all 3 of: 24-hour
urine protem/urine  ACR/Urinalysis).

e Inability/Refusal to give informed consent.
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All patients with Type 1 diabetes age 40 years and above attending the diabetes clinic during
2023GC were enrolled. Out of 194 patients, 76 did not give consent, 10 had missing lab data and
2 had incomplete data on the data collection tool. Finally, a total of 106 patients were included in

the study.
Total Type 1 Diabetes patients on follow
up at TASH Diabetesclinicin 2023
(n=1967)
Excluded:
Age < 40 years >
(n=1773)
v
Type 1 Diabetes patients age 40
yearsor above
(n=194)
Excluded:
Did not consent (n=76)
A\ 4
Includedinstudy
(n=118)
Excluded:
Missing lab data (n=10)
Incomplete dataonthe
data collection tool (n=2) A 4
Includedin analysis
(n=106)

Figure 1. Study Flowchart

Dependent/Outcome Variables

e Osteoporosis, Falls
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Independent/Explanatory Variables

Non-modifiable risk factors
e Age, sex, parental history of hip fracture, previous fragility fracture, menopause, self-
reported medical conditions, age at diabetes diagnosis, duration of diabetes, microvascular
(neuropathy, nephropathy, retnopathy) and macrovascular (coronary heart disease,
cerebrovascular disease, peripheral arterial disease) complications.
Modifiable risk factors
e Insulin dose, physical activity level, excessive alcohol use, smoking status, body mass

index, current medications, HbAlc, and frequent falls.

Data was collected from consenting patients using a structured interviewer-administered

questionnaire including the FRAX tool (31), the short Falls Efficacy Scale International (FES-I),
the 4-Stage Balance Test and the Osteoporosis Knowledge Assessment Tool (OKAT).

To estimate the FRAX score, first the 11 parameters were checked to be complete on the data
collection tool (Femoral neck BMD not done in this study), next country was specified as Ethiopia
on the FRAX tool website (https://frax.shefac.uk/FRAX/tool.aspx?country=83) (31), after that the

data for each patient was entered, and finally the 10-year probability of hip fracture and major

osteoporotic fracture were estimated and documented.

The knowledge about osteoporosis is evaluated using a 20-item instrument addressing the
understanding of osteoporosis, knowledge of risk factors, preventive factors and treatment
availability. This strument is derived from Osteoporosis Knowledge Assessment Tool (OKAT)
to adapt to actual situation in Ethiopia. The OKAT was translated from English to Amharic by a
person proficient in both languages. This version was assessed by a senior Endocrinologist and a
few modifications of the questionnaire to suit the Ethiopian context were made. Knowledge scores
are created by assigning a “l” to each correct response and a “0” to each incorrect or do not know

response. The items are summed for a range of 0 to 20, with higher scores indicating greater

knowledge (74,75)

Data on clinical and laboratory profiles of the participants was obtained through review of

electronic medical records or patient charts. All missing clinical and laboratory records were
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collected during the visit. The questionnaire was prepared in English and translated to Amharic.
Finally, it was translated back to English to check its consistency. Data was collected by trained

nurses & a general practitioner.

To ensure the quality of data, training was given to data collectors on-site for 2 days before the
study to ensure consistency and reduce intra- and inter-observation differences on the
measurement of variables. The collected data was checked for completeness and consistency on
each day of data collection. Supervision and monitoring were done every day by the principal

mvestigator, Dr. Paulos Efrem, and at intervals by the advisor, Professor Yeweyenhareg Feleke.

After data collection using structured mnterviewer-administered questionnaires, each form was

checked for completeness and entered into SPSS version 26 for analysis.

Descriptive statistics included mean with SD for continuous variables, while frequency and

percentage tables were used for categorical data.

To measure the statistical relationship between risk factors and 10-year probability of hip fracture
and major osteoporotic fracture in patients with Type 1 Diabetes age 40 years and above, Pearson's

correlation coefficient was used with P value <0.05 indicating statistical significance.

To assess the association between the mean & SD of sociodemographic characteristics &
osteoporosis knowledge chi-square test was used with P value < 0.05 indicating statistical

significance.

To identify determmnants of osteoporosis among patients with type 1 diabetes, binary logistic
regression analysis was done. First, bivariate analysis was done to identify the variables associated
with osteoporosis. Variables with P value < 0.25 in bivariate analysis were selected as candidate
variables to be entered together into multivariable analysis to control for confounders. Lastly,
variables with P-value < 0.05 in multivariable analysis were employed as statistically significant
and AOR with 95% CI was identified to measure the strength of the associations. The result was

presented by using text, tables and graphs.
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Osteoporosis: Osteoporosis is diagnosed based on history of fragility fracture or calculated 10-
year fracture risk (79).
10-year risk of major osteoporotic fracture: A FRAX-calculated 10-year risk of 20% or
more for a major osteoporosis-related fracture and/or a 3% or more for a hip fracture.
Fragility fracture: a fracture resulting from low energy trauma such asa fall from standing
height or less, most commonly occurs at the hip, spine, or wrist.
Excessive alcohol use: consumption of 3 or more drinks a day.
Menopause: the permanent cessation of menstrual periods, determined retrospectively after a
woman has experienced 12 months of amenorrhea.
Frequent falls: >2 falls in the past 12 months.
The Osteoporosis Knowledge Assessment Tool (OKAT): is a set of 20 questions in which
scores are generated by giving 1 point to every correct answer and 0 points for incorrect or ‘not
known’ answers (75). It measures osteoporosis knowledge with scores
e <10: Poor knowledge
e 10-15: Satisfactory knowledge
e >15: Good knowledge
Short Falls Efficacy Scale International (FES-I): is a set of 7 questions, each scored from 1 to
4, designed to assess how concerned a patient is about the possibility of falling and is scored out
of 28 with scores
e 7-8: Low concern
e 9-13: Moderate concern
e 14-28: High concern
4 step balance test: An older adult who cannot hold the tandem stance or either of the 2 prior
stances (stance 1- feet side by side &/or stance 2- instep of one foot touching the big toe of the
other foot) for at least 10 seconds each is at increased risk of falling.
Persistent proteinuria/ Albuminuria: will be categorized based on the available updated
laboratory data using one of urine dipstick test, spot urine albumin-creatinine ratio (ACR), or 24-

hour urine protein excretion rate (PER) (51,52,53).
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Table 1. Categories of proteinuria and albuminuria.

Measure Categories
Normal to mildly Moderately increased (A2) | Severely increased (A3)
increased (Al)

ACR <30 30-300 >300

(mg/g)

PER <150 150-500 >500

(mg/24 hours)

Urine dipstick | Negative to trace Trace to +1 +1 or greater

test

ACR: spot urine albumin-creatinine ratio, PER: 24-hour urine protein excretion rate.

The study was done in conformity with ethical guidelines. The purpose and importance of the
study was explaned and informed consent was obtaned from each study participant.
Confidentiality was maintained at all levels of the study.

All results have been communicated to the treating physicians. All study participants have been
mformed that participation i this study would have neither incentives nor direct benefits.
Participants who were unwilling to participate in the study and those who wished to quit their
participation at any stage were informed to do so without any restriction.

The project was evaluated by the Department of Internal Medicine IRB and an ethical clearance
has been obtained.

The result of this study will be presented in scientific conferences and published i a reputable

mternational journal. A copy will also be placed in the CHS library as a reference.
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5. Results

A total of 106 participants were involved in this study with a response rate of 100%. The majority
(47.2%) of the study participants were in the age group of 40-44 years with mean and SD of
46.57+7.26 years respectively. Fifty-five percent of the study participants were male and 92.5%
ofthem were urban residents. Over a third of the study participants had secondary school education

and 41.5% of them were self-employed. Concerning the monthly household income, 13.2% of

them had no monthly income while 17% of them earned >10,000 Ethiopian birr.

Table 2. The sociodemographic characteristics of participants with type 1 diabetes age 40 years

and above.
Variable Frequency | Percent
Age
40-44 years 50 47.2
45-49 years 28 26.4
50-54 years 17 16
55-59 years 4 3.8
60-64 years 3 2.8
>65 years 4 3.8
Sex
Male 58 54.7
Female 48 453
Residence
Urban 98 92.5
Rural 8 7.5
M arital status
Single 19 17.9
Married 75 70.8
Divorced 9 8.5
Widowed 3 2.8
Educational level
No formal education 2 1.9
Primary education 30 28.3
Secondary education 38 35.8
Higher education 36 34
Occupation
Government employee 28 26.4
Self-employed 44 41.5
Homemaker 12 11.3
Farmer 1 0.9
Pensioner 4 3.8
Unemployed 17 16

Household monthly income
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No income 14 13.2
500-5000 birr 47 44.3
5000-10000 birr 27 25.5
>10000 birr 18 17.0

All of the study participants were treated with nsulin and 67% of them received a combination
of NPH and regular insulin. Close to one-third of the study participants were taking an nsulin

dose of >11U/kg and practiced a sedentary lifestyle. More than half of the study participants had

an increased body mass index, with the majority being overweight. On the contrary, 4.7% were

underweight. Eighty-seven percent of the participants had an HgAlc of >7% while 40.6% had a

fasting blood sugar of >130mg/dl. There was only 1 current smoker among the participants while

9.4% consumed more than three units of alcohol a day. Fifteen percent of the study participants

had >2 falls over the last 12 months.

Table 3. Modifiable risk factors for osteoporosis of participants with type 1 diabetes age 40 years

and above.
Variable Frequency | Percent
Total daily insulin dose
<1 IU/kg 70 66
>1 IU/kg 36 34
Body mass index
Underweight 5 4.7
Normal 45 42.5
Overweight 45 42.5
Obese 11 10.4
HgAlc
<7% 14 13.2
>7% 92 86.8
Physical activity
Vigorous 17 16
Moderate 55 51.9
Sedentary 34 32.1
Smoking status
Never smoked 101 95.3
Ex-smoker 4 3.8
Current smoker 1 0.9
More than three units of alcohol per day
Yes 10 9.4
No 96 90.6
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Frequent falls

Yes 16 15.1
no 90 84.9
Additional medications (n=15)

Osteoporosis treatment 2 13.3
Thiazide duretic 2 13.3
Loop diuretic 3 20
Oral glucocorticoid 2 13.3
Proton pump inhibitor 4 26.7
Thyroxine 3 20
SGLT2 Inhibitor 5 33.3

Females comprised 45.3% of the participants. Ninety-six percent of the study participants were

living with Diabetes for more than 10 years and 44.3% of the study participants were diagnosis

with diabetes before the age of 20 years. Sixteen percent of the study participants had neuropathy

and 16% had diabetic nephropathy. Fifty-two percent of the study participants had diabetic eye

complications. Diabetic retinopathy was reported from 80% and cataracts from 23.6% of the

participants with diabetic eye complications. Around eight percent of the study participants with

comorbidities were experiencing menopause. Four percent of the study participants had a history

of'parental hip fracture and 13.2% had a history of previous fragility fracture. Only two participants

had a high FRAX fracture risk score.

Table 4. Non-modifiable risk factors for osteoporosis of participants with type 1 diabetes age 40

years and above.

Variable Frequency | Percent
Sex

Male 58 54.7
Female 48 45.3
Duration of diabetes mellitus

<10 years 4 3.8
>10 years 102 96.2
Age at DM diagnosis

<10 years 8 7.5
11-20 years 39 36.8
21-30 years 44 41.5
31-40 years 13 12.3
>41 years 2 1.9
Diabetic eye complications

Yes 55 51.9
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No 51 48.1
Types of diabetic eye complication (n=55)

Diabetic retinopathy 44 80
Cataract 13 23.6
Glaucoma 3 5.4
Diabetic nephropathy

Yes 17 16
No 89 84
Neuropathy

Yes 17 16
No 89 84
Types of chronic disease (n=80)

Dyslipidemia 71 88.8
Hypertension 48 60
Menopause 6 7.5
CLD 1 1.3
Untreated long-standing hyperthyroidism 1 1.3
Previous fragility fracture

Yes 14 13.2
no 92 86.8
Parent hip fracture

Yes 4 3.8
No 102 96.2
FRAX high fracture risk

Yes 2 1.9
No 104 98.1

5.4 The correlation between the 10-year probability of a major osteoporosis-
related fracture and independent variables

In this finding, age of the study participants had significant positive relation at r (104) = 0.735,
p=0.000. This implies that as age ncreases, the 10-year probability of a major osteoporosis related
fracture increases. The duration of diabetes mellitus also has a significant positive relation at r
(104) =0.426, p=0.000, implying that as the duration of diabetes increases, the 10-year probability
of a major osteoporosis related fracture increases. The other significant positive correlations with
major osteoporosis related fracture were HgAlc and triglyceride levels as depicted in the table
below. The estimated GFR had a weak negative correlation with the 10-year probability ofa major

osteoporosis related fracture.

29



Table 5. The correlation between the 10-year probability of a major osteoporosis related fracture
and mdependent variables of participants with type 1 diabetes age 40 years and above.

The correlation between the 10-year probability of a major
osteoporosis related fracture and continuous independent variables

10-year probability of a

Major osteoporosis-related

fracture
Age Pearson Correlation 735"
Sig. (2-tailed) .000
N 106
Duration of Pearson Correlation 426"
Diabetes Sig. (2-tailed) .000
N 106
HgAI1C in % Pearson Correlation 514
Sig. (2-tailed) 047
N 106
Triglyceride Pearson Correlation 999"
Sig. (2-tailed) .000
N 106
e¢GFR by CKD- | Pearson Correlation -.191™
EPI equation Sig. (2-tailed) 050
N 106

** Correlation is significant at the 0.01 level (2-tailed).

*_ Correlation is significant at the 0.05 level (2-tailed).

5.5 The correlation between the 10-year probability of a hip fracture and

independent variables

In this finding, age of the study participants had a significant positive relation atr (104) =0.684,

p=0.000. This implies that as age increases, the 10-year probability ofa hip fracture increases. The

duration of diabetes mellitus had a significant relation atr (104) =0.434, p=0.000, implying that as

the duration of diabetes increases, the 10-year probability of a hip fracture increases. On the other

hand, eGFR showed a weak negative relation with the 10-year probability of a hip fracture at r

(104) =-0.192, p=0.048.
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Table 6. The correlation between the 10-year probability of a hip fracture and independent

variables of participants with type 1 diabetes age 40 years and above.

The correlation between probability

independent variables

of hip fracture and continuous

10-year probability of a
Hip fracture

Age Pearson Correlation 684"
Sig. (2-tailed) .000
N 106
Duration of Diabetes Pearson Correlation 434"
Sig. (2-tailed) 000
N 106
eGFR by CKD-EPI equation Pearson Correlation -.192"
Sig. (2-tailed) .048
N 106

**_ Correlation is significant at the 0.01 level (2-tailed).

*_ Correlation is significant at the 0.05 level (2-tailed).

The finding of the study revealed that the magnitude of osteoporosis was 15% as shown i the

figure below.

16 (15%)

90 (85%)

Yes

No

Figure 2. The magnitude of osteoporosis among participants with type 1 diabetes age 40 years and

above.

Fifteen percent of the study participants had >2 falls over the last 12 months and 13.2% had a high
concern of falling on the short falls efficacy scale. One-fourth of the study participants were unable
to maintain the 4 positions on the 4-stage balance test used to measure static balance.
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Table 7. Falls and Balance characteristics of participants with type 1 diabetes age 40 years and
above.

Variable frequency Percent
Frequent falls

Yes 16 15.1
no 90 84.9
Short falls efficacy scale

Low concern 59 55.7
Moderate concern 33 31.1
High concern 14 13.2
The 4-stage balance test

Passed 79 74.5
Failed 27 25.5

The study revealed that participant having previous fragility fractures and osteoporosis were
associated with frequent falls by bivariate logistic regression. The multivariable logistic regression
showed that female participants had a 1.6-fold increased risk of frequent falls than males
(AOR=1.6, 95%CI=1.42, 5.88) and participants who had a previous fragility fracture had a 1.8-
fold increased risk of frequent falls compared to the opposite compartment (AOR=I.8,
95%CI=1.04, 9.27). Study participants with osteoporosis had a 4.1-fold increased risk of frequent
falls compared to the opposite compartment (AOR=4.1, 95%CI=1.15, 16.49).

Table 8. The bivariate and multivariable logistic regression analysis of factors associated with
frequent falls among participants with type 1 diabetes age 40 years and above.

Variable frequency of | p- COR with P- AOR with 95%CI
fall value | 95%CI value
yes No
Sex
Male 7 51 1 1
female 9 39 0.142 | 1.7(0.58,4.91) | 0.049 | 1.6(1.42,5.88)
Level of physical activity
Vigorous 4 13 1 1
Moderate 6 49 0.199 | 0.39(0.09, 1.62) | 0.087 | 0.24(0.05, 1.23)
Sedentary 6 28 0.619 |0.69(0.17,2.89) | 0.344 | 0.45(0.09, 2.35)
Comorbid disease
Yes 14 66 0.238 | 2.5(0.54,12.04) | 0.343 | 2.2(0.43, 11.10)
no 2 24 1 1
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Previous fragility fracture

Yes 9 0.029 |4.1(1.16,14.45) | 0.042 | 1.8(1.04, 9.27)
no 11 81 1 1

Osteoporosis

Yes 6 10 0.011 |4.8(1.44,16.05) | 0.043 | 4.1(1.15, 16.49)
No 10 80 1 1

DM Neuropathy

Yes 13 0.206 | 1.9(0.55,7.07) |0.652 | 1.4(0.31, 6.59)
No 12 77 1 1

5.9 Osteoporosis knowledge assessment of the study participants

In this study, 17% of the study participants had satisfactory knowledge about osteoporosis while

83% had poor knowledge. None of the participants had good knowledge about osteoporosis.

18 (17%)

88 (83%)

M Poor knowledge

W Satisfactory knowldege

Figure 3. Osteoporosis knowledge assessment tool (OKAT) score of participants with type 1

diabetes age 40 years and above.

The study showed the mean OKAT score was 6.17+3.34, indicating poor osteoporosis-related

knowledge. Among the 20 statements of the OKAT-derived questionnaire, the 1% statement

“Osteoporosis leads to an increased risk of bone fractures” was the question that was answered

correctly the most, while the 2"¢ statement “Osteoporosis usually causes symptoms (e.g. pain)

before fractures occur” the least.

The majority of participants incorrectly answered 15 out of 20 questions on the OKAT (>50% of
the participants gave the wrong answer for the questions). Concerning to the specific findings,
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more than half of the participants know about the majority of women having osteoporosis by age
80 years, that an adequate calcium intake can be achieved from two glasses of mik a day and that
sardines and broccoli are good sources of calcium for people who cannot take dairy products. One
fith of the participants believe there are no effective treatments for osteoporosis available in

Ethiopia.

Table 9. Osteoporosis knowledge assessment tool results of participants with type 1 diabetes age

40 years and above.

Variable Frequency (%)

Yes No Did not

know

Osteoporosis leads to an increased risk of bone fractures. 77(72.6) * | 5(4.7) 24(22.6)
Osteoporosis usually causes symptoms (e.g. pain) before fractures 51(48.1) 8(7.5) * 47(44.3)
occur.
Having a higher peak bone mass at the end of childhood gives no 16(15.1) * | 23(21.7) | 67(63.2)
protection against the development of osteoporosis in later life.
Osteoporosis is more common in men. 14(13.2) 20(18.9) * | 72(67.9)
Cigarette smoking can contribute to osteoporosis. 50(47.2) * | 4(3.8) 52(49.1)
White women are at highest risk of fracture as compared to other 19(17.9) * | 23(21.7) | 64(60.4)
races.
A fall is just as important as low bone strength in causing fractures. 68(64.2) * | 9(8.5) 29(27.4)
By age 80, the majority of women have osteoporosis. 54(50.9) * | 5(4.7) 47(44.3)
From age 50, most women can expect at least one fracture before 41(38.7) * | 15(14.2) | 50(47.2)
they die.
Any type of physical activity is beneficial for osteoporosis. 70(66) 109.4) * | 26(24.5)
It is easy to tell whether I am at risk of osteoporosis by my clinical 37(34.9) * | 17(16) 52(49.1)
risk factors.
Family history of osteoporosis strongly predisposes a person to 23(21.7) * | 35(33) 48(45.3)
0steoporosis.
An adequate calcium intake can be achieved from two glasses of milk | 54(50.9) * | 16(15.1) | 36(34)
a day.
Sardines and broccoli are good sources of calcum for people who 55(51.9) * | 7(6.6) 44(41.5)
cannot take dairy products.
Calcium supplements alone can prevent bone loss. 24(22.6) 38(35.8) * | 44(41.5)
Alcohol in moderation has little effect on osteoporosis. 26(24.5) * | 33(31.1) | 47(44.3)
A high salt intake is a risk factor for osteoporosis. 23(21.7) * | 27(25.5) | 56(52.8)
There is a small amount of bone loss in the ten years following the 17(16) 12(11.3) * | 77(72.6)
onset of menopause.
Hormone therapy prevents further bone loss at any age after 9(8.5) * 13(12.3) | 84(79.2)
menopause.
There are no effective treatments for osteoporosis available in 23(21.7 22(20.8) * | 61(57.5)

Ethiopia.

*Correct answers highlightedin bold.
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A significant difference (P=0.049) was found between the total score of OKAT and the educational

level of the participants. It was observed that higher level of education was associated with a higher

level of osteoporosis knowledge.

Table 10. The association of characteristics of patients with Type 1 Diabetes age 40 years and

above with the total scores of OKAT.

Variable Frequency | Percent meant SD | P-value
Age of the study participants in years 0.313
40-44 50 47.2 6.54+3.08

45-49 28 26.4 5.57£3.51

50-54 17 16 5.65+4.35

55-59 4 3.8 7+4.24

60-64 3 2.8 6.33+4.62

>65 4 3.8 7+4.83

Sex of the study participants 0.438
Male 58 54.7 6.07+£3.19

Female 48 45.3 6.29+3.54
Residence of the study participants 0.376
Urban 98 92.5 6.14+3.32

Rural 8 7.5 6.50+3.74

Maarital status of the study participants 0.336
Single 19 17.9 7.26+2.96

Married 75 70.8 6.04+3.24
Divorced 9 8.5 5.78+4.02
widowed 3 2.8 3.67+£5.51
Educational levelof the study participants 0.049
No formal education 2 1.9 5.50+4.95

Primary education 30 28.3 7.37£3.01
Secondary education 38 35.8 5.29+£3.31

Higher education 36 34 6.14+3.40
Occupation of the study participants 0.824
Government employee 28 26.4 5.394+3.19
Self-employee 44 41.5 6.43+3.43
Homemaker 12 11.3 7.424+3.03

Farmer 1 0.9 8.0

Pensioner 4 3.8 6.50+3.36
unemployed 17 16 5.71+£3.42
Household monthly income in birr 0.853
no income 14 13.2 5.29+3.15
500-5000 47 443 6.55+3.56
5000-10000 27 25.5 5.63+3.39

>10000 18 17.0 6.67+£2.77
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In this study, the strength of association was measured by using odd ratio and 95% confidence

mterval. Accordingly, alcohol utilization, visual impairment, diabetic eye complications and

frequent falls were associated with osteoporosis by bivariate logistic regression. The multivariable

logistic regression revealed that study participants who were female had a 1.8-fold increased risk

of osteoporosis compared to males (AOR=1.8, 95%CI=1.41, 7.69), study participant who drink

more than three units of alcohol per day had a 5.7-fold increased risk of osteoporosis compared to

those who consume less alcohol (AOR=5.7, 95%CI=1.69, 47.38) and study participant having

diabetic eye complications had a 4.7-fold increased risk of osteoporosis compared to the opposite

compartment (AOR=4.7, 95%CI=1.91, 24.35). The study participants who had frequent falls had

a 5.6-fold increased risk of osteoporosis compared to the opposite compartment (AOR=5.6,

95%CI=1.19, 26.15).

Table 11. The bivariate and multivariable logistic regression analysis of factors associated with

osteoporosis of participants with type 1 diabetes age 40 years and above.

Variable Osteoporosis | p- COR with 95% P- AOR 95% CI
yes |No |vale |CI value

Sex of the study participants

Male 7 51 1 1

female 9 39 0.142 | 1.7(0.57,4.91) 0.041 | 1.8(1.41,7.69)

Residence

Urban 15 83 1 1

rural 7 0.132 | 0.79(0.09, 6.89) 0.962 | 1.1(0.08, 14.46)

Monthly income

No income 11 1 1

500-5000 11 36 0.877 | 1.2(0.26, 4.75) 0.589 | 0.62(0.11, 3.48)

5000-10000 25 0.212 | 0.29(0.04, 2.01) 0.220 | 0.27(0.03, 2.20)

>10000 0 18

Total cholesterol

<200mg/dl 14 71 1

>200mg/dl 2 19 0.132 | 0.53(0.11, 2.56) 0.339 ] 0.39(0.06, 2.71)

More than 3 units of alcohol/day

Yes 3 7 0.018 | 2.7(1.64, 11.94) 0.016 |5.7(1.69,47.38)

No 13 83 1 1

Neuropathy

Yes 13 0.296 | 1.9(0.55, 7.07) 0.422 | 1.9(0.37, 10.43)

no 12 77 1 1

Visual impairment

Yes 7 30 0.023 | 1.6(0.53, 4.58) 0.850 | 1.2(0.29, 4.39)
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No 9 60 1 1

Diabetic eye

complication

Yes 12 43 0.043 | 3.3(1.98, 10.94) 0.042 | 4.7(1.91, 24.35)
No 47 1 1

Frequent falls

Yes 6 10 0.011 | 4.8(1.44, 16.05) 0.029 | 5.6(1.19, 26.15)
No 10 80 1 1

Four-stage balance test

Passed 11 68 1 1

Failed 5 22 0.166 | 1.4(0.44, 4.49) 0.713 | 0.75(0.16, 3.46)
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6. Discussion
Our research showed the magnitude of osteoporosis in patients with Type 1 diabetes was 15%.

Factors associated with osteoporosis were female gender, excess alcohol use, diabetic eye
complications and frequent falls. Only two participants had a high FRAX fracture risk score while
13.2% had a history of previous fragility fracture. Age and duration of diabetes had a positive
association and eGFR had a negative relation with the 10-year probability of major osteoporosis
related and hip fracture. Fifteen percent of the study participants had frequent falls and 13.2% had
a high concern of falling. Being female, having previous fragility fractures and osteoporosis were
associated with frequent falls. Eighty-three percent had poor knowledge about osteoporosis with
the mean OK AT score of 6.17+3.34. A higher level ofeducation was associated with a higher level

of osteoporosis knowledge.

The magnitude of osteoporosis i patients with Type 1 diabetes was 15% i this study. A
systematic review estimated the global & African prevalence of osteoporosis to be 19.7% and
26.9% respectively. Another meta-analysis reported the worldwide prevalence of osteoporosis to
be 18.3% with the highest prevalence of 39.5% found in Africa (59,60). These reviews indicate a
substantial prevalence of osteoporosis among the general population which is significantly higher
than the findings in our study, despite an increased magnitude being anticipated considering the
older age of the participants and the presence of secondary causes of osteoporosis like Type 1

diabetes.

Our finding was similar to a study done in Germany where 15.8% of the participants with type 1
diabetes had osteoporosis (38). Eller-Vainicher and coauthors found about 30% of 175 type 1
diabetes patients had low bone mass (osteopenia/osteoporosis) at spine and/or femur (54). A study
in India also showed individuals with type 1 diabetes had a lower BMD as compared to controls
(39). Nevertheless, the number of patients with osteopenia included in these 2 studies and the use
of DXA scan as a means of diagnosis may be reasons for which the magnitude in our study was

comparatively lower.

Macrovascular complications of diabetes were not as common as expected even though the
duration of diabetes of close to all the participants exceeded 10 years. Diabetic eye complications

were the most common diagnosed microvascular complications among the participants, though
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two-thirds of them had persistent proteinuria, among which only 16% were diagnosed and on

follow up while the rest remamned undiagnosed.

The age of participants and duration of diabetes had a positive correlation with the 10-year
probability of major osteoporosis related & hip fractures. Similarly, age modified the effect of
diabetes on hip fracture risk in a 2021 study (57). On the other hand, the estimated GFR had a
negative correlation with the 10-year probability of major osteoporosis related & hip fractures.
This indicates complications like CKD having a positive impact on fracture risk. A few studies
addressed nephropathy, reporting lower BMD in patients with albuminuria than without.
(26,34,35,56,72) A study done in Italy showed mildly reduced kidney function was independently
associated with low femur BMD in patients with type 1 diabetes, showing the importance for bone
loss at the femur in type 1 diabetes. (54) This could also be considered an impact of the increased
duration of diabetes on the fracture risk, though the other complications did not show any
correlation (28,33). More than half of the study participants had an increased body mass index
which may reduce fracture risk, though not significantly associated. Elsewhere, BMI was found to
significantly ameliorate the increase in fracture risk (26,35,54,56).

In our study, only 1.9% of the participants had an increased risk of fracture based on the FRAX
score while 13.2% had a history of previous fragility fracture. The overall rate of osteoporotic
fractures was 10.4% ofall patients presenting to Tikur Anbessa Specialized Hospital with fractures
between January 2018 and December 2021 (63). Another hospital-based study in Tigray found the
overall prevalence of osteoporotic fractures was 9.3%. (64) Although both studies indicate similar
findings, they were done in non-diabetic individuals. A 2019 Italian study reported 18.5% of
patients with type 1 diabetes had at least one fragility fracture. (70)

Considering the discrepancy between the FRAX scores and previous fragility fractures of the
patients, one possibility is FRAX underestimates fracture risk i this population group. Individuals
with diabetes mellitus have an excessive risk of hip fractures, and this relationship is more
pronounced i type 1 diabetes (27). Elevated prevalence of asymptomatic vertebral fractures was
associated with the presence of type 1 diabetes independently of BMD (65). Diabetes status was
also found to be predictive of future hip and major osteoporotic fractures ndependent of FRAX
probability and its associated risk factors including BMD. Additionally, FRAX does not
mcorporate risk factors for falls, which may explain the higher fracture risk for any given FRAX-
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based probability in diabetics (57). There is compelling evidence that bones in patients with type
1 diabetes are characterized by poor mineralization and smaller and thinner size with reduced bone
strength and quality, which can lead to a higher fracture incidence at any site, predominantly at
femoral neck. (56)

Fifteen percent of the study participants had >2 falls over the last 12 months and 13.2% had a high
concern of falling on the short falls efficacy scale. Twenty-nine percent of participants with type
1 diabetes reported falls within the past 12 months and 41% participants were fearful of falls in a
US study (41). The risk of falls in patients with diabetes was found to be 39% in another study
(43). This difference is mainly due to the age of the participants being over 65 years, as a third of
this population sustain falls yearly with over 50% having recurrent falls (42,67). Additionally,
approximately 1 in 10 falls result in trauma or fracture. Although done in patients with type 2
diabetes, a study showed an association with increased fear of falling and fear-associated activity

restriction, which modified the risk of falls even in the face of increased falls risk factors (68).

One-fourth of the study participants had difficulties maintaining their balance during static balance
assessment. Abnormalities of balance and gait were shown to be common risk factors for falls
among community-dwelling older persons and those with type 2 diabetes (42,45,67,69). Studies
evaluating balance characteristics of patients with type 1 diabetes are lacking.

On multivariable analysis, female participants, those with previous fragility fractures and
osteoporosis were found to have increased risk of frequent falls. Falls occurred more frequently in
female patients with diabetes in a study from the United Kingdom (43). Being fearful of falls in
patients with type 1 diabetes was reported from a Danish study, with diabetes related
complications, hypoglycemic events, and antihypertensive treatment all leading to falls (21).

Severe hypoglycemia, diabetic peripheral neuropathy, and depression were associated with falls
in adults with type 1 diabetes in the US (41). However, this was not apparent in this study. Since
all the participants had type 1 diabetes, treatment with & use ofa higher dose of insulin can be one
of the reasons for greater risk of falls, since there is a strong association between the two in

previous studies. (43,44)

This study confirmed a relevant knowledge deficit among patients with type 1 diabetes, with 83%
having poor knowledge about osteoporosis. Similarly, the Osteoporosis Knowledge Test (OKT)
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was used to assess 300 patients with diabetes in Palestine and found poor knowledge in the
majority with females having a significantly higher overall OKT score (49). An Australian study
using the Osteoporosis Knowledge Assessment Tool (OKAT), the same tool used n our study,
found levels of osteoporosis knowledge were low in Australian 25-44-year-old females with a
mean score of 8.8 out of 20 (75). A similar study in Cambodia using the OKAT found the average
mean score was 9.34 (+3.08) out of 20 and correlated significantly with educational level (74). A
study in Indian postmenopausal women using the OKAT also showed 60% had poor knowledge

about osteoporosis (48).

A study done in post-menopausal women in Metu, Ethiopia, showed 61.6% of the participants had
madequate knowledge towards the prevention of osteoporosis. Being younger, employed, better
educated, having a personal and family history of osteoporosis and getting nformation from
families and friends increased the odds of having adequate knowledge (62). Similarly, an Iraqi
study found that there was a low level of knowledge about risk factors, causes, symptoms,
diagnosis, treatment, and prevention of osteoporosis for patient with diabetes mellitus (66), which
was quite similar to our findings. A Hungarian study using the OKAT found the average mean
score was 9.99 + 4.04 out of 20 n non-health care professional young women and correlated
significantly with age, educational level and health care professionals (76). We also observed that
higher level of education was associated with a higher level of osteoporosis knowledge. The
findings between the studies may reflect of our own but the studied populations were young or

post-menopausal females in most.

The multivariable analysis of this study identified four factors as independent determinants of
osteoporosis among the study participants with Type 1 DM. Being female, excess alcohol use,

presence of diabetic eye complications and frequent falls increased the risk of osteoporosis.

The relationship between female sex and increased risk of osteoporosis was in agreement with
studies from USA (15), France (55) and Ethiopia (63) but not with one done in Sweden (72) where
both men and women with type 1 diabetes were at increased risk for hip fracture. Older age and

post-menopausal state could be the reasons behind this finding,

Similar to our study, other researchers have reported increased risk of osteoporosis with excess
alcohol use (36,47) and frequent falls (15,16).
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The presence of diabetic eye complications was positively associated with developing osteoporosis
which was concordant with multiple studies (26,28,35,72,73) but not with a Danish study (71) that
indicated the entire complex of diabetes with complications to be the reason for the increase in risk
of fractures rather than the diabetic eye disease, which was just one of the markers of complicated
diabetes. Compensatory mechanisms (e.g., laser treatment, glasses) may also have ameliorated

some of the consequences of impaired vision.

In a study done in Tigray among the general population, rural residence and smoking were
positively associated with osteoporosis. In contrast, milk intake greater than four times a week,
and when work mnvolves vigorous exercise, appeared to be associated with a reduced risk of

osteoporosis (61). But these factors were not associated with osteoporosis in our study.

Other researchers have reported increased risk of osteoporosis with increased daily insulin dose
(54,55,71) but not in our study. A higher mnsulin dose may reflect the presence of difficult to control

diabetes with a more pronounced inflammatory milieu, possibly leading to bone damage.

This was the first comprehensive assessment of osteoporosis risk factors, knowledge and falls in
patients with type 1 diabetes age 40 years and above in Ethiopia. This study confirmed the presence
of a higher magnitude of osteoporosis, falls and a relevant knowledge deficit among patients with

type 1 diabetes age 40 years and above.

Although optimal preventive measures still need to be defined, the co-occurrence with other

diabetes complications suggests that tighter metabolic control might reduce the risk (70,71,72).
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7. Conclusion
In conclusion, type 1 diabetes carries an increased risk of osteoporosis, falls and fractures. Being

female, having previous fragility fractures and osteoporosis had a positive association with
frequent falls, whereas being female, excess alcohol use, diabetic eye complications and frequent
falls were independent determinants of osteoporosis. A significant osteoporosis knowledge deficit
was also seen among the participants with a higher level of education being positively associated.

A high concern of falling with difficulties maintaining balance were other concerning outcomes.

8. Limitations
Being the first study in this context, there are a few limitations. First, bone turnover markers and

BMD were not used for osteoporosis diagnosis which may cause us to miss patients with the
clinical tools. Second, the study was carried out in a single center and the sample size was limited
affecting the representativeness. Third, the study is subjected to social desirability bias as the
questionnaire contained some sensitive questions about behavioral risk factors for osteoporosis
and recall bias as certain questions relied on self-reported data. Finally, lack of prior research
studies on the topic, sampling technique used and a large number of participants who refused to

give consent could be additional considerations.

9. Recommendations
The untreated population of individuals with osteoporosis is referred to as ‘“The Osteoporosis

Treatment Gap’ and recent studies have sought to introduce mterventions to reduce it. An example
could be the use of fracture risk assessment tools (such as FRAX), which use clinical variables to
provide a measure of fracture risk and assist clinicians i identifying ‘at risk’ individuals. Although
alone it cannot do much, it must be paired with a screening program. Following screening, risk
stratification based on WHO recommendations should be done to determine interventions (58).
Given the findings, there may be public health benefits in targeting this population group. In
addition to prioritization of screening for osteoporosis during routine visits, education regarding
prevention and treatment modalities could achieve a reduction in osteoporosis-related

complications like fracture.
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Annexes

I, the undersigned, want to do a study on the magnitude of osteoporosis and its associated factors
among patients with type 1 diabetes mellitus. The elevated risk of this patient group and unknown
magnitude of this problem i our setup gave rise to research concern. The clinical data will be
collected using a structured questionnaire.

I agree to accept responsibilities for:

e The scientific, ethical and technical conduct of the research project,

e Requesting amendment for ANY change onthe protocol that might need to happen during
execution of the project, and obtain written approval for the request from Department of
Internal Medicine-IRB,

e Submitting scientific publications that emanate from the project, and

e Reporting any unprecedented protocol violation within seven days of the event if the

project is approved as a result of this application.

Postgraduate Candidate: Paulos Efrem This thesis has been submitted with my
approval as advisor.

(MD, Internist, Endocrinology Fellow)
Advisor: Professor Yeweyenhareg Feleke,

Phone: +251 913 859 692 MD, MPhil, CSIM

Email: paulos.efrem@aau.edu.et (Consultant Internist & Endocrinologist)

Siglatllre: ............................... Phone: +251 911 169 513

Date of Submission: December 14, 2023 Email: yeweyenharegfi@ yahoo.com

Endocrnology &  Metabolism  Unit,
Department of Internal Medicine,

College of Health Sciences, Addis Ababa
University,

Phone: +251 115 510 653

Email: imed.som@aau.edu.et

Addis Ababa, Ethiopia.
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You are mvited to take part in this research as your age is 40 years and above and you are living
with type 1 diabetes. There will be 106 individuals taking part in this research. Before you decide,
it is important for you to understand why the research is being done and what it will involve. Please
read the following mnformation carefully and feel free to ask if it is not clear or to discuss it with
anyone you wish. Please take time to decide whether you want to take part n this research. We
would like to stress that taking part in this study is entirely voluntary, you can refuse to take part
in this study, or you can withdraw your participation from the study at any time without any

consequences to you.

Patients with type 1 diabetes have a lower bone mineral density leading to a 6-fold higher risk of
fracture compared to healthy subjects, justifying the classification of the disease as a non-
modifiable risk factor for osteoporosis. Data on osteoporosis and related factors in patients with
type 1 diabetes in Ethiopia, Afiica, and other low- and middle-income countries are lacking. These

observations and the unknown extent of this problem in our setup raised these research concerns.

The objectives of this study are to determine the risk factors of osteoporosis and falls, their

association, and knowledge in patients with Type 1 Diabetes Mellitus age 40 years and above.

The research will be conducted from June 1 to August 31,2023GC. Data will be collected through

structured questionnaires.

If you decide to take part in this study, you wil be asked to complete the questionnaire

administered at your respective clinic.

All data collected from the study will be kept confidential. Presentations of the study’s results at

meetings/conferences or their publication in a scientific journal will not include your name.
There will be no payment for participation in this study.

If you have any questions related to the study before/during participation in the study, you can

consult the contact person listed below.
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1.

Paulos Efrem (MD, Internist, Endocrinology Fellow)

Phone: +251 703 859 692

Email: paulos.efrem@aau.edu.et

Certificate of Consent

I have read the foregoing information. I have
had an opportunity to ask questions and all my
questions have been answered to my
satisfaction. I voluntarily consent to

participate in this research study.

Initials of the participant

Signature of the participant

Date

day/month/year

I confirm that the participant was given an
opportunity to ask questions about the study
and all the questions have been answered
correctly. I confirm that my consent has been

given voluntarily.

Printed name of the person taking the consent

Signature of the person taking the consent

Date

day/month/year
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Annex 3: Fracture Risk Assessment Tool (FRAX)

Home

®
FRAX Fracture Risk Assessment Tool

Calculation Tool

v Paper Charts

FAQ References

CE Mark English v

Calculation Tool

Please answer the questions below to calculate the ten year probability of fracture with BMD.

Country: Ethiopia

Questionnaire:

1. Age (between 40 and 90 years) or Date of Birth

(=]

S

[

=3

=

oo

el

. Previous Fracture

. Parent Fractured Hip

Current Smoking

. Glucocorticoids

. Rheumatoid arthritis

Age: Date of Birth:
¥: M:
. Sex
. Weight (kg)
. Height (cm)

Hame/1D:

D:

Cimale O Female

® o
® 1o
@ o
® o
® nio

O es
OYes
Oves

O Yes

10. Secondary osteoporosis

About the risk factors

®No O es

11. Alcohol 3 or mere units/day @y Oves

12. Femaral neck BMD (gfem?)

Select BMD v

=

Print tool and information

Weight Conversion

Pounds = kg

Height Conversion

Inches == cm

00001662

Indnaduals with fracture risk
assessed since 15t June 2011

55



Annex 4: Questionnaire on the Magnitude of osteoporosis and its associated factors among
patients with type 1 diabetes mellitus

Code
I-care number Date of nterview /2023
Section 1: Demographics
1. Age? years
2. Gender?
a. Male
b. Female
3. Residence?
a. Urban
b. Rural
4. Current marital status?
a. Single
b. Married
c. Divorced
d. Widowed
5. What is your level of education?

7.

a. No formal education
b. Primary school
c. Secondary school
d. Higher education
What is the occupation you practiced over the past 12 months?

a. Government employee
b. Self-employed
c. Homemaker
d. Farmer
e. Pensioner
f  Unemployed
What is your average household monthly income? Birr

Section 2: Diabetes History

8.
9.

How long have you had diabetes? years
How old were you when you were diagnosed with diabetes? years

10. What type of treatment are you currently taking for your diabetes? Choose all that apply.

a. Insulin ( years)
b. SGLT?2i ( years)
c. Other, specify

11. Which type of insulin do you use?

a. NPH only
b. NPH with Regular mnsulin

c. Glargine msulin with Regular mnsulin
d. Mixed insulin
e. Other, specify

12. What is your total daily dose of insulin? U
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Section 3: Physical Examination & Laboratory Results

13. Weight Kg

14. Height cm

15. BMI kg/m?

16. SBP mmHg

17. DBP mmHg

18. Recent hemoglobin A1C %

19. Recent FBS mg/dl

20. Total serum cholesterol mg/dl
21. Serum HDL cholesterol mg/dl
22. Serum LDL cholesterol mg/dl
23. Serum triglycerides mg/dl

24. Serum creatinine mg/dl

25. 24-hour urine protein excretion mg

Section 4: Osteoporosis Risk Factors

26. Physical activity level
a. Vigorous (75 minutes a week eg. running)
b. Moderate (150 minutes a week eg. Walking at a fast pace)
¢. How much time do you spend sitting on a usual day? (home, work, transportation)

hours

27. Smoking status?

d. Never

e. Ex-smoker. Smoked cigarettes daily, for years

f Current smoker. Smoke cigarettes daily, for years
28. Do you consume more than 3 units of alcohol a day?

g Yes

h. No

29. Self-reported history of medical conditions (ever), Choose all that apply.
Osteogenesis imperfecta
Untreated long-standing hyperthyroidism
Hypogonadism
Malabsorption
Chronic liver disease
Rheumatoid arthritis
Hypertension
Dyslipidemia
Epilepsy
Menopause, if yes, age at menopause years
k. None of the above
30. Current medications (Use of medication within the past year), Choose all that apply.
a. Osteoporosis prevention or treatment
b. Anticonvulsants

TR R e e o

c. Aromatase inhibitors
d. Thiazide diretics
e. Loop diuretics

57



Oral contraceptives

Hormone replacement therapy

Testosterone

Oral glucocorticoids: currently taking or exposed for 3 months at a dose of
prednisolone Smg PO/day

j.  Proton pump mnhibitors

k. Thyroid replacement

1. SGLT2 mhibitors or Metformin

m. None of the above

5 e

FRAX - Fracture Risk Assessment Tool

No. | Risk Factors Response
1 Age *see above
2 | Sex *see above Male O | Female 0O
3 Weight (in Kg) *see above
4 Height (in cm) *see above
5 Previous fragility fracture (arising from trivial trauma) Yes O No 0O
6 Parent fractured hip Yes O No O
7 Current smoking *see above Yes O No 0O
8 Glucocorticoids (currently taking or exposed for 3 months at | Yes O No O
a dose of prednisolone 5mg PO/day) *see above

9 Rheumatoid Arthritis *see above Yes 0O No 0O
10 | Secondary Osteoporosis (Yes for all- Type 1 DM) Yes \/ No 0O
11 | Alcohol 3 or more units/day *see above Yes O No 0O
12 | BMD femoral neck (g/cm?) #if available

The 10-year probability of (calculated) Major osteoporosis-related fracture %

Hip fracture %
Section 5: Acute & Chronic Diabetes Complications

31. Any neuropathy?
a. Yes, review chart
b. No
32. If no previous assessment, do Monofilament test — assess 10 sites/foot & if no
response at 4 sites Positive)

a. Positive
b. Negative
33. Any visual impairment?
a. Yes
b. No

34. Any diabetic eye complications?
a. Yes, specify 1. Diabetic retinopathy 2. Cataracts 3. Glaucoma
b. No
35. Any nephropathy?
a. Yes, review chart
b. No
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36. Any PAD?
a. Yes, review chart

b. No
37. Any Coronary Heart Disease?
a. Yes, review chart

b. No
38. Any Cerebrovascular Disease?
a. Yes, review chart

b. No
39. Any recent hypoglycemia?

a. Level 1 (mild) - between 54 — 69mg/dl or shaking, sweating, rapid heartbeat,

increased hunger

b. Level 2 (moderate) - less than 54mg/dl or confusion, iritability, sleepiness

c. Level 3 (severe) - loss of consciousness, seizure, coma or requiring help from

others

Section 6: Falls & Balance Assessment

40. Frequent falls (>2 falls in the past 12 months)?

a. Yes
b. No

Short Falls Efficacy Scale Intemational (FES-I)

Now we would like to ask some questions about how concerned you are about the possibility of falling. Please reply thinking
about how you usually do the activity. If you currently do not do the activity, please answer to show whether you think you
would be concerned about falling IF you did the activity. For each of the following activities, please tick the box which is
closest to your own opinion to show how concerned you are that you might fall if you did this activity.

Notatall Somewhat Fairly Very
concerned 1 concerned 2 concerned3 | concermed4
1 Getting dressed or undressed 10O 20 30 40
2 Taking a bath or shower 10O 20 30 4 0
3 Getting in or out of a chair 1 g 20O 30 4 0
4 Going up or down stairs 10 2 0 30 4 0
5 Reaching for something above your head or 1 O 20 30O 40
on the ground
6 Walking up or down a slope 10O 20 30 4 0
7 Going out to a social event 1 0O 20 30 4 0
(e.g. religious service, family gathering or
club meeting)

Total Score

59




The 4-Stage Balance Test

Instructions to the patient

I am going to show you four positions
Try to stand in each position for 10 seconds

You can hold your arms out, or move your body to help keep your balance, but do not

move your feet

For each position 1 will say, “Ready, begn.” Then, I will start timing. After 10 seconds, I

will say, “Stop.”
. 1. Stand with your feet side-by-side Time: seconds
[ J
. 2. Place the instep of one foot so it is touching the big toe of Time: seconds
the other foot.
L
. 3. Tandem stand: Place one foot in front of the other, heel Time: seconds
touching toe.
' g
B 4. Stand on one foot. Time: seconds

If the patient can hold a position for 10 seconds without moving their feet or needing

support, go on to the next position.
If not, STOP the test.

Patients should not use an assistive device (cane or walker) and they should keep their eyes

open.
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Section 7: The Osteoporosis Knowledge Assessment Tool (OKAT)
Please answer each ofthe following questions with True, False or Don’t know.

No. | Question True | False | Do not

know

1 Osteoporosis leads to an increased risk of bone fractures.

2 Osteoporosis usually causes symptoms (e.g. pain) before
fractures occur.

3 Having a higher peak bone mass at the end of childhood gives
no protection against the development of osteoporosis in later
life.

4 Osteoporosis is more common in men.

5 Cigarette smoking can contribute to osteoporosis.

6 White women are at highest risk of fracture as compared to
other races.

7 A fall is just as important as low bone strength in causing
fractures.

8 By age 80, the majority of women have osteoporosis.

9 From age 50, most women can expect at least one fracture
before they die.

10 | Any type of physical activity is beneficial for osteoporosis.

11 | It is easy to tell whether I am at risk of osteoporosis by my
clinical risk factors.

12 | Family history of osteoporosis strongly predisposes a person to
osteoporosis.

13 | An adequate calcum intake can be achieved from two glasses
of mik a day.

14 | Sardines and broccoli are good sources of calcum for people
who cannot take dairy products.

15 | Calcium supplements alone can prevent bone loss.

16 | Alcohol in moderation has little effect on osteoporosis.

17 | A high salt intake is a risk factor for osteoporosis.

18 | There is a small amount of bone loss in the ten years following
the onset of menopause.

19 | Hormone therapy prevents further bone loss at any age after
menopause.

20 | There are no effective treatments for osteoporosis available in

Ethiopia.

Total Score

Thank you for your time.
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