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Abstract 

Diabetes complications may increase frailty rates among the elderly, leading to falls, immobility, 
dependency, hospitalizations, and death. The study aimed to assess any association between frailty 
status and glycaemic control among older adults with type 2 diabetes mellitus at Kenyatta National 
Hospital, Kenya. We conducted a cross-sectional study of 430 older individuals aged 60+ years with 
type 2 diabetes at a specialized diabetes clinic using a modified FRAIL scale. Mean age was 69.1 years, 
with 65.7% female and 76.2% completed primary school. Frailty prevalence was 3.8%, pre-frailty 
24.3%, and robust/non-frail 71.9%. It was associated with age, social status, health knowledge, 
duration of DM, blood pressure, body mass index, high-density lipoprotein-C, and renal failure. 
Mean fasting plasma glucose (FPG) was 8.7 mmol/L, with 60% having FPG>7 mmol/L; mean glycated 
haemoglobin (HbA1C) was 8.0%, with 41% having HbA1C>8%. Glycaemic control was correlated 
with number of medications, blood pressure, lipidaemia but not age, sex, social status. No correlation 
was found between frailty and glycaemic control: frailty versus FPG (r=0.038, P=.459; χ2=0.699, 
P=.705), and HbA1C (r = –0.009, P=0.877; χ2=0.046, P=.977). Low frailty prevalence was noted, with no 
association to glycaemic control. Our findings provide evidence for conducting frailty assessments in 
chronic disease care. 

Keywords: frailty; glycaemic control; diabetes mellitus; type 2; aged; Kenya 
 

1. Introduction 

The older adult population in sub-Saharan Africa is growing at an unprecedented rate, which is 
also associated with a sharp rise in geriatric syndromes. By 2050, the number of older persons will 
triple in Africa, which will be home to 80% of the world’s elderly [1]. In Kenya, according to the 2019 
census, 5.8% or 2.7 million adults were aged 60 years or older [2].  

Frailty is conceptualised as decreased physiological reserve and heightened vulnerability to both 
internal and external stressors [3]. Frail elderly, unlike their non-frail counterparts, are more likely to 
become dependent on others and take longer to recover, after succumbing to a minor illness [4]. This 
common geriatric syndrome is associated with increased risks of falls, disability, dependency, 
hospitalisations, and death [5,6]. The global prevalence of frailty derived mainly from high-income 
countries varies from 4–59.1%, whereas limited studies across African settings report a wider range 
of 9.25–77.1% [3,6–10]. Within high-income countries, there is an emphasis on early detection and 
screening of frailty, which provide opportunities to slow its progression through proven 
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interventions [11,12]. Low- and middle-income countries should prepare much better for this 
demographic eventuality. Frailty can be measured through five components of the Fried’s frailty 
phenotype or through the Frailty Index, which uses 9–92 accumulated deficits [3,13–15]. Various 
standardised tools exist for frailty measurement, each with its advantages and disadvantages [16]. 
The International Association of Nutrition and Ageing (IANA) FRAIL instrument is a subjective test 
based on yes/no answers to five questions measuring the different components of the physical 
phenotype. The FRAIL scale measures fatigue (self-reported exhaustion), resistance (ability to climb 
a flight of stairs), ambulation (ability to walk one block), illness (>5 illnesses), and weight loss (>5%). 
It requires no special instruments and can even be used by laypeople within community or hospital 
settings [11]. Furthermore, the FRAIL scale has proven to be useful in multiple disciplines, can predict 
mortality and has been validated among Black populations [17,18].  

Diabetes mellitus is a global public health threat affecting 422 million adults globally, impacting 
14.2 million people in sub-Saharan Africa, and resulting in devastating complications and death 
[19,20]. It is a highly prevalent and costly condition, with patients in the United States spending 2.3 
times more for medical expenditures than those without diabetes [21]. In Kenya, one-half of total 
hospital admissions and over 55% of hospital deaths are attributable to non-communicable diseases 
[22,23]. Currently, the local prevalence of diabetes is 3.1%, which is expected to increase to 3.4% by 
2050 [24]. Optimal glycaemic control refers to a glycated haemoglobin (HbA1c) level of 7% or less 
[25,26]. On the basis of this cut-off, several local studies have reported poor control among patients 
[20,26–29]. However, international guidelines recommend a more conservative glycaemic control 
target of 8% among elderly individuals [30]. Despite this shift, local Kenyan guidelines fail to specify 
treatment adjustments and geriatrician referrals for the elderly [31,32]. Therefore, less experienced 
healthcare providers may be oblivious to subtle differences when treating older adults with diabetes 
compared to younger populations [33,34]. Currently, a more holistic and comprehensive approach 
focusing on organ (kidney and heart) protection for elderly people with diabetes is recommended 
rather than a narrow “glucocentric” care [35]. Further, diabetes not only impoverishes the elderly, 
but also affects families and communities [36]. Cost of care analysis of diabetes in Kenya indicates 
that the finances needed for direct and indirect costs may be out of reach for retired and unemployed 
senior citizens [25,28,37].  

The interrelationships between frailty, geriatric syndrome, and comorbidities such as type 2 
diabetes are complex and have not been fully understood. The incidence of frailty is two to five times 
greater in patients with diabetes than in those without [38,39]. This higher rate could arise from the 
fact that diabetes is an independent risk factor for falls, hip fractures, premature death, comorbid 
diseases, and geriatric syndromes such as polypharmacy, depression, cognitive impairment, urinary 
incontinence, and chronic pain [38]. The pathophysiology of frailty among patients with diabetes can 
be attributed to low-grade inflammation, low testosterone, and nutritional deficiencies (including 
protein and vitamin D), among other pathways [38]. According to prior studies, frailty can be 
prevented and treated through appropriate interventions, such as nutrition, exercise, rational 
prescriptions, and improved psychosocial health [4,5,40]. Currently, there is limited research on 
frailty in sub-Saharan Africa [10,41,42]. Frailty complicates diabetes management, directly or 
indirectly, and it is imperative to investigate its correlates and consequences within the local context. 
Despite numerous studies on diabetes in Kenya, none have specifically examined frailty status or 
glycaemic control among elderly individuals. The study aimed to assess any association between 
frailty status and glycaemic control among older adults with type 2 diabetes mellitus (T2DM) at 
Kenyatta National Hospital (KNH), Kenya.  

2. Materials and Methods 

2.1. Design, Setting, Participants, Sampling 

In this paper, we report cross-sectional analytical findings from a mixed-methods study. The 
qualitative results of key-informant interviews among 15 older adults have not been presented in this 
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paper. Participants were recruited from a specialist outpatient diabetes and endocrinology clinic at 
KNH, a leading referral hospital in Kenya. This facility has a capacity of 1,800 beds, 50 inpatient 
wards, 22 outpatient clinics, 24 theatres, a busy Accident & Emergency Department and over 6,000 
staff. The facility attracts patients from all over the country and within East Africa. Patients with 
active Social Health Authority (SHA) membership may access services at no upfront costs, otherwise 
clients have to pay user fees in cash for outpatient consultation, tests and medicines. We purposefully 
selected this site on the basis of its size and the clinic on the basis of the study population. 

We targeted all older adults with T2DM attending the Diabetes and Endocrinology Centre. The 
inclusion criteria were age >60 years, diagnosis or treatment for type 2 diabetes mellitus, and seeking 
outpatient services at the Diabetes & Endocrinology Centre, KNH. The Constitution of Kenya (COK, 
2010) Article 260 defines ‘older members of society’ as anyone who has reached the age of sixty (60) 
years. We excluded those without caregivers who were unable to communicate due to severe illness 
or severe mental deterioration, those requiring emergency services or admission and vulnerable 
persons, such as those who were incarcerated or institutionalised. 

We calculated the sample size on the basis of an expected frailty prevalence of 50% from 
previous studies and obtained a sample size of 428 participants via Daniel’s formula [43]. 

n = [Z2 x P (1-P)] ÷ d2 

where, 
n = sample size 
Z = Z score for 95% confidence interval (Z=1.96) 
P = prevalence (estimated at 50% from previous studies) 
d = desired degree of precision or accuracy; p value (0.05) 

n = [1.962 x 0.5(1-0.5)] ÷ (0.052) = 384.16 ~ 385 

Adjusted for a 10% refusal rate, 

n = 385 ÷ (1-0.1) = 427.78 ~ 428 

Therefore, a minimum of 428 older adults with T2DM were needed. From Day 1, the study 
utilised a consecutive sampling technique to approach every participant reporting to the diabetic 
clinic and who met the eligibility criteria until the target sample size (n) was reached. 

2.2. Data Collection 

Data were collected over a period of 7 months from 12th September, 2024 to 24th March, 2025. 
After training, a research assistant approached eligible participants in a low voice at various waiting 
points within the clinic, keeping in mind the usual patient flow. For interested participants, the 
assistant explained the study objectives, benefits, and risks, aiming to enrol all those who met the 
inclusion criteria in a separate consultation room. A hardcopy research assistant-administered 
questionnaire was utilised to collect data from participants or abstracting from medical records. The 
study questionnaire was developed by DMM and reviewed by JT and OWT. It mainly consisted of 
clear, concise and non-ambiguous closed-ended multiple-choice questions, beginning with easier 
questions and utilizing skip logic. The study tool was available to the participants in English and 
Swahili (Kenya’s national languages) or their accompanying caregiver (if there was a communication 
barrier with the older person). At times, verbatim translations to a local language were used 
whenever necessary. Pre-testing of the questionnaire was performed among 15 older adults with 
diabetes at a different county referral hospital and cognitive interviewing performed.  

Independent variables included socio-demographic characteristics (e.g. age in years, gender, ethnic 
group, education, religion, employment, civil status, income, living alone or with others, caregiver, 
family functioning (APGAR score), overcrowding, satisfaction with health services, previous 
monthly income), and glycaemic control [latest fasting plasma glucose (FPG), glycated haemoglobin 
levels (HbA1c) with good control defined as FPG<7mmol/L and/or HbA1c<8%, based on 
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international guidelines among the elderly  [30]. Intervening variables included clinical factors [vital 
signs (weight, height, and BMI; systolic, diastolic and mean arterial blood pressures)], medical history 
(duration of illness, known comorbidities, disability, health status group (risk-based classification 
based on Cuban primary healthcare system), alcohol, smoking, falls, and fractures, polypharmacy 
(number of medications)], health knowledge [knowledge of T2DM symptoms (high blood sugar, low 
blood sugar, sweating, dizziness, urinating a lot, increased appetite), knowledge of glycaemic targets 
(control (RBS<11.1mmol/L, FPG <7mmol/L, HbA1c<7%) and knowledge of diabetes-associated 
complications (eye problems, kidney problems, heart attack, stroke, foot infections, pain)], health 
seeking patterns [location of diagnosis (private, public, non-governmental organisation), location of 
regular follow-up and/or refills, other diabetes-related consultations (if not the same)], laboratory 
factors [Latest report within a two-year period on lipid profile (triglycerides, total cholesterol, low-
density lipoprotein, high density lipoprotein), and renal functions (urea, creatinine, and estimated 
glomerular filtration rate using the MDRD formula [44]).  

This study did not collect any blood samples or perform laboratory tests. Instead, we 
retrospectively retrieved the latest verified laboratory results as documented in the patient’s medical 
files over the previous 24 months, as far back as 31st December 2022. The KNH accredited 
biochemistry laboratory (ISO 15189:2022 certified by KENAS) uses a Mindray BS 2000 M platform 
analyser (Shenzhen Mindray Biomedical Electronics Co., Ltd.) and Mindray reagents. The Analyser 
machine uses the spectrophotometry principle and is calibrated each time reagents are reloaded and 
controls are run before running samples. Internal quality control is performed daily, whereas external 
quality assurance is performed monthly under the RIQAS program. The HbA1c, lipid profile 
concentrations (triglycerides, low-density lipoproteins, high-density lipoproteins, and total 
cholesterol levels) and renal functions (urea, creatinine) were measured in accordance with the 
technical standard operating procedure for the operation of a chemistry analyser 
KNH/LABMED/CLIN.CHEM/001P dated 6th January, 2025. FPG is usually performed as a point-of-
care test by a laboratory technician based within the KNH Diabetes and Endocrinology Centre for 
every diabetic patient via a standard functional Accu-check® glucometer.  

2.3. Modified Frailty Measurement 

According to the IANA, the FRAIL scale is based on 5 questions derived from the Cardiovascular 
Health Study Frailty Index and Rockwood Scale [17]. It can be clinician- or self-administered and 
does not require face-face examination or special equipment [45]. The five components of the FRAIL 
scale were assessed as follows. Fatigue was assessed as “How much of the time during the past 4 weeks 
did you feel tired?” Resistance was assessed as “By yourself and not using aids, do you have any difficulty 
walking up a flight of stairs?” Ambulation was assessed as, “By yourself and not using aids, would you 
have any difficulty walking down to the main KNH gate (approximately 1.5 km)?”. Illnesses were assessed 
as having more than 5 diagnosed comorbidities: “Did a doctor ever tell you that you have [illness]? How 
many?” Finally, unintentional weight loss was assessed as greater or equal to 4.5kg or 5% in the last 
12 months and a score of 0 or 1 assigned [46]. This was to be calculated on the basis of the current 
weight and the previous year’s weight. Even though weight loss is a subjective measure, it was 
difficult to assess this since most people do not ordinarily measure their weight in daily lives [47]. A 
total score of 0 indicates robust/non-frail health status, a score of 1–2 represents pre-frail health status, 
and a score of 3–5 signifies frail status. In the present study, since the previous weight recordings 
were not captured on the patient’s medical file but rather in a patient health diary, and were missing. 
A modified four-item FRAIL scale was therefore utilised but the scoring criteria remained 
unadjusted, with frailty defined as 3 or more. In previous studies, participants with missing items of 
the FRAIL were excluded from analysis [48] while in another study the Time Up and Go Test was 
used as a proxy to falls history and an alternative to weight loss [47]. 

2.4. Data Management and Statistical Analysis 
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For confidentiality, a unique study identification number was used to link the data to patient-
identifiable health information. A hardcopy research notebook containing both the patient’s hospital 
number and the study identification number was stored separately and not digitised. The 
questionnaires and consent forms did not contain any identifiable health information. Data were 
transferred by double entry onto two separate MS Excel sheets by the principal investigator via the 
following formula on a third sheet [=IF(EXACT(Sheet1!A2,Sheet2!A2),0,Sheet1!A2&ʺ/ʺ&Sheet2!A2)]. 
Discrepancies were verified via the original hardcopy questionnaire. The principal investigator 
managed the data storage, keeping the hard copy questionnaires in a locked room, while softcopy 
data were stored on a password-protected laptop device. The data were then transferred to SPSS 
statistical package, version 29, for cleaning and analysis. The descriptive statistics included the mean, 
median, mode, range, frequency, percentage, standard deviation, and standard error of the mean 
(SEM). The data were displayed as tables, cross-tabulations, graphs, box plots, and histograms for 
easy visualisation. Inferential statistics were performed for predictors of frailty status and glycaemic 
control via chi-square tests, Pearson’s correlation and ordinal logistic regression. The first ordinal 
regression model was based on sociodemographic characteristics as sex, age (continuous), age-group, 
marital status, highest education, living alone, caregiver presence and consisted of 411 cases. In the 
second model, clinical factors such as duration of diabetes (in years and categories), diagnosis facility, 
number of medicines and polypharmacy, knowledge of symptoms, glycaemic targets, and diabetes 
complications, disability, intake of alcohol and cigarette smoking were added to the model 1. In the 
final third model, numerical and categorical values on vital signs (BMI) and laboratory parameters 
(FPG, HbA1c, lipid levels and estimated glomerular filtration rate) were added to the variables in 
Model 2. We calculated measures of Goodness of fit, MacFadden pseudo-R score and adjusted Odds 
Ratio (aOR). A P value <0.05 was considered to indicate statistical significance. 

3. Results 

3.1. Sociodemographic and Socioeconomic Characteristics 

We enrolled 430 participants, slightly exceeding the calculated sample size, and yielding a 
response rate of 100.5%. The answer rate, calculated as the proportion of participants who answered 
a particular question, varied from 67.7% (family functioning) to 99.8% (race). Tables 1 and S1 describe 
the sociodemographic and socioeconomic characteristics of the participants, respectively. In 
summary, the mean age was 69.08 + 0.355 years, the majority were female, and the primary education 
completion rate was greater than 75%. Most lived with cohabitants in functional families, and one-
third had caregivers. Although 25.7% were self-employed, a substantial majority of 73.1% were 
unemployed, retired or stay-at-homes. Most of the elderly, at78.3% self-reported being in a “very 
bad” economic situation. In terms of the previous month’s income, 37.4% earned fewer than US$ 38 
(5,000 Kenyan shillings), whereas 23.9% received US$ 154–377 (20,000–49,999 Kenyan shillings). The 
majority lived in high-quality houses on the basis of the durability of the type of building materials. 

Table 1. Demographic characteristics of the participants (N=430). 

Measure Mean S.D. n % 

Age in years 69.08 7.348   
†Gender, N=429         

Male - - 147 34.3 

Female - - 282 65.7 
†Age group (years), N=427     

60-64 - - 151 35.4 

65-69 - - 90 21.1 

70-74 - - 97 22.7 
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75-79 - - 48 11.2 

80-84 - - 26 6.1 

>85 - - 15 3.5 
†Highest Education Level, N=426       

None - - 27 6.3 

Incomplete Primary - - 74 17.4 

Completed Primary - - 102 23.9 

High School - - 156 36.6 

Post-secondary education - - 67 15.7 
†Marital Status, N=427     

Single - - 15 3.5 

Married - - 308 72.1 

Separated - - 7 1.6 

Divorced - - 5 1.2 

Widow (er) - - 92 21.5 
†Religion, N=428       

Catholic - - 117 27.3 

Protestant - - 203 47.4 

Jehovah Witness - - 13 3.0 

Adventist - - 91 21.3 

Islam - - 4 0.9 
†Ethnic origin, N=424     

Kikuyu - - 307 72.4 

Luo - - 21 5.0 

Kamba - - 46 10.8 

Meru - - 12 2.8 

Kisii - - 11 2.6 

Luhya - - 10 2.4 

Others - - 17 4.0 
†Living Alone, N=419     

Yes - - 30 7.2 

No - - 389 92.8 
†Caregiver present, N=427 - -     

Yes - - 162 37.9 

No - - 265 62.1 
†Type of caregiver, N=160     

Child - - 80 50.0 

Employee - - 66 41.3 

Spouse - - 9 5.6 

Others - - 5 3.1 
†Family functioning, N=291      

Functional family - - 215 73.9 
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Mildly functional - - 42 14.4 

Moderately dysfunctional - - 23 7.9 

Severely dysfunctional - - 11 3.8 
S.D., standard deviation; †, missing data. 

3.2. Health Knowledge, Health-Seeking Patterns and Clinical Factors 

Tables 2 and S2 highlight the medical history and services accessed by older adults with diabetes. 
The mean duration of diabetes was 12.45 + 0.416 SEM years. The most common medical comorbid 
conditions were high blood pressure, eye problems, arthritis, and heart disease. We reported a high 
rate of polypharmacy of 59.5%. The participants were knowledgeable in terms of diabetes symptoms, 
glycaemic targets, and complications. Most of the respondents, at95.5%, were satisfied with the 
service delivery at the hospital. The majority of the elderly patients living with diabetes who were 
diagnosed in public hospitals was at 73.1%, 98.1% had their follow-up clinics conducted in public 
hospitals, while 35.3% had prescriptions refilled at a public hospital alone and 40% at both public and 
retail hospitals. In terms of additional medical consultations, 17.0% of the participants had visited an 
eye doctor/optician, whereas 10.2% had seen a nutritionist. 

Table 2. Clinical factors of the participants. 

Measure n % 
†Health Status Group, N=427     

Chronic disease 425 99.5 
Disability 2 0.5 

†Disability, N=425   
Yes 18 4.2 
No 407 95.8 

†Duration of DM Class (years), N=424     
< 1 18 4.2 
1–4 49 11.6 
5–9 118 27.8 

10–14 89 21.0 
15–19 61 14.4 
≥ 20 89 21.0 

†BMI Class, N=373   
Malnourished (≤18.9 kg/m2) 4 1.1 

Normal (19.0–25.0 kg/m2) 67 18.0 
Overweight (25.1–29.9 kg/m2) 186 49.9 

Mild Obesity (30.0–34.9 kg/m2) 83 22.2 
Moderate Obesity (35.0–39.9 kg/m2) 20 5.4 

Severe Obesity (≥40.0 kg/m2) 13 3.5 
†Comorbid conditions, N= 426     

High blood pressure 377 88.5 
Ischemic cardiac 17 4.0 

Asthma 4 0.9 
Cancer 6 1.4 

Renal insufficiency 11 2.6 
Heart failure 5 1.2 
Depression 1 0.2 
Dementia 1 0.2 

Others 147 34.5 
Arthritis 56 13.2 

Eye problem 67 15.7 
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Stroke 4 0.9 
Gastrointestinal problems 3 0.7 

Neuropathy 3 0.7 
Prostrate 2 0.5 
Dental 2 0.5 
Goitre 2 0.5 
HIV 2 0.5 
BMI, body mass index; DM, diabetes mellitus. 

3.3. Laboratory Parameters 

The mean FPG was 8.7 +0.204 SEM mmol/L, with the majority having elevated FPG, whereas the 
mean HbA1c was 8.0 + 0.130 SEM %, with the majority having achieved control. The mean urea, 
creatinine, and estimated glomerular filtration rates were 5.3 + 0.170 mmol/L, 88.1 + 3.047 mmol/L, 
and 96.6 + 3.943 SEM ml/min/1.73 m2, respectively. The mean triglyceride, low-density lipoprotein, 
high-density lipoprotein, and total cholesterol levels were 1.49 + 0.620 mmol/L, 2.36 + 0.557 mmol/L, 
1.23 + 0.225 mmol/L, and 3.95 + 0.688 SEM mmol/L, respectively. The frequencies and proportions are 
displayed in Table 3. 

Table 3. Laboratory parameters of the participants. 

Measure n % 
†FPG Class, N=380     

<7 mmol/L 152 40 

≥7 mmol/L 228 60 
†HbA1c Class, N=327   

<8.0% 193 59 

≥8.0% 134 41 
†TG Class, N=304     

<2.26 mmol/L 271 89.1 

≥2.26 mmol/L 33 10.9 
†LDL-C Class, N=302   

< 3.4 mmol/L 254 84.1 

≥ 3.4 mmol/L 48 15.9 
†HDL-C* Class, N=303     

≥1.55 mmol/L 49 16.2 

<1.55 mmol/L 254 83.8 
†T. Chol Class, N=299   

<5.2 mmol/L 249 83.3 

≥5.2 mmol/L 50 16.7 
†Urea Class, N=302     

<14.0 mmol/L 294 97.4 

≥14.0 mmol/L 8 2.6 
†Creatinine Class, N=301   

<116umol/L (male)/95umol/L (female) 241 80.1 

≥116umol/L (male)/95umol/L (female) 59 19.6 

Unclassified 1 0.3 
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†CKD Stage, N=300     

G1 (≥90 ml/min; normal or high) 155 51.7 

G2 (60–89 ml/min; mildly decreased) 90 30 

G3a (45–59 ml/min; mildly to moderately decreased) 22 7.3 

G3b (30–44 ml/min; moderately to severely decreased) 22 7.3 

G4 (15–29 ml/min; severely decreased) 8 2.7 

G5 (<15 ml/min; kidney failure) 3 1 
†Missing data; * higher values are preferred unlike for other lipid concentrations where lower values are better; 
FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; HDL-C, high-density lipoprotein-C; LDL-C, low-
density lipoprotein-C; T. Chol, total cholesterol; TG, triglyceride. 

3.4. Frailty Status 

The mean FRAIL score was 0.49 + 0.042, with 3.8% and 24.3% classified as frail and prefrail, 
respectively. The data presented in Figure 1 and Table 4 also includes proportions for the individual 
FRAIL components and incidences of falls and fractures in the last year. 

Table 4. Proportion of participant responses to FRAIL Scale components, N=427. 

FRAIL Measure n % 

Fatigue     

No 384 89.9 

Yes 43 10.1 

Resistance   

No 343 80.3 

Yes 84 19.7 

Ambulation     

No 346 81.0 

Yes 81 19.0 
†More than 5 illnesses   

No 423 99.3 

Yes 3 0.7 
††More than 5% weight loss   

No - - 

Yes - - 

Fall-related Outcomes   

Falls     

No 393 92.0 

Yes 34 8.0 

Fragility fractures   

No 417 98.8 

Yes 5 1.2 
†Missing data, N=426; ††Scores on the fifth item (weight-loss) were largely non-existent in our population. 
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Figure 1. Distribution of participants by frailty status. 

3.5. Associations Between Participant Characteristics, Frailty Status, and Glycaemic Control 

Table S3 shows the Pearson correlations for various continuous variables by frailty score, FPG 
class and HbA1c class. The means, standard deviations and sample sizes are also displayed for each 
variable. The FPG level was correlated with the number of medications, with a correlation coefficient 
of –0.127 and P<.05, and systolic blood pressure, with a correlation of 0.117 and P<.05, whereas the 
HbA1c level was correlated with high-density lipoprotein, with a correlation of –0.139 and P<.05. 
However, both the FPG and HbA1c levels were independent of age; FPG having a correlation of –
0.023 and P=.650whereas HbA1c had a correlation of –0.049 and P=.379. The frailty score was 
correlated with age, with a correlation of 0.287 and P<.001, diastolic blood pressure, with a correlation 
of –0.121 and P<.05 and BMI, with a correlation of 0.107 and P<.05. Frailty scores were not linearly 
correlated with FPG, with a correlation of 0.038 and P=.459, 95% CI –0.063 to –0.138) nor HbA1c, with 
a correlation of –0.009 and P=.877,95% CI –0.117 to –0.100. 

In Table S4, categorical variables were compared using Chi-square tests of independence. No 
significant association was observed between frailty status and fasting plasma glucose, with χ²=0.699 
and P=.705, or between frailty status and HbA1c, with χ²=0.046 and P=.977. Thus, the null hypothesis 
of no association between glycaemic control and frailty status could not be rejected. Similarly, 
glycaemic control showed no association with age group, where FPG yielded χ²=5.143 and P=.642, 
and HbA1c yielded χ²=4.405 and P=.732. No associations were found with sex, where fasting plasma 
glucose yielded χ²=0.125 and P=.723, and HbA1c yielded χ²=0.611 and P=0.434. Living alone was also 
not associated with glycaemic control, with FPG yielding χ²=0.560 and P=.454, and HbA1c yielding 
χ²=2.604 and P=.107. Finally, caregiver presence was not associated, with fasting plasma glucose 
yielding χ² = 0.412 and P=.521, and HbA1c yielding χ²=0.074 and P=.785. 

There was a significant association between frailty status and age group, with χ²=64.064 and 
P<.001, marital status, with χ²=28.822 and P<.001, and caregiver presence, with χ²=34.160 and P<.001. 
No association was observed with sex, where χ²=3.546 and P=.170. Frailty status was also associated 
with chronic kidney disease stage, with χ²=27.735 and P<.01, but not with polypharmacy or ethnic 
origin. 

In Table S5 and Figure 2, predictors of frailty status are presented using ordinal logistic 
regression models. Model 1 achieved an accuracy of 11.4%, as indicated by the McFadden pseudo-R² 
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value, with frailty status being associated with being married, adjusted odds ratio (aOR)=0.499, P<.05, 
and caregiver presence, aOR=2.259, P<.001. The second model showed improved accuracy at 23.8%, 
with frailty associated with the number of medications, knowledge of glycaemic targets, and 
disability. In the final model, performance increased to 40.1%, and the factors associated with frailty 
status were similar to those in Model 2. Specifically, frailty was associated with the number of 
medications, aOR=1.974, P<.01, polypharmacy, aOR=0.137, P<.05, and knowledge of glycaemic 
targets, aOR=0.008, P<.001. 

 
Figure 2. Top 10 most significant positive and negative predictors of frailty status based on ordinal logistic 
regression. 

4. Discussion 

4.1. Frailty Prevalence and Correlates  

The present study adds to the growing number of reports on frailty and multimorbidity within 
low- and middle-income countries and particularly Africa. In this study, we did not find any 
association between glycaemic control and frailty status. However, a previous study in Kenya among 
older persons revealed that self-reported diabetes was a risk factor for frailty, even greater than 
concomitant HIV infection [10]. Earlier reviews revealed that frailty is two to five times more common 
among patients with diabetes than among non-diabetes patients [38,39]. The link between diabetes 
and frailty status could arise from both conditions sharing similar predisposing factors and similar 
pathophysiological pathways. The elderly are more susceptible to cardiovascular diseases and 
skeletal muscle loss [49]. Hyperglycaemia in individuals with type 2 diabetes, chronic inflammation, 
malnutrition, inactivity, comorbidities, medications and hospitalisation eventually lead to sarcopenia 
(loss of muscle strength). Patients with type 2 diabetes have accelerated aging and are at risk of osteo-
sarcopenia, falls, hip fractures, polypharmacy, depression, poor cognition, and premature deaths, 
which can all lead to frailty [50–53]. 

In this study, the average frailty score and overall frailty prevalence were lower than those 
reported earlier in coastal Kenya [10]. The low frailty rate could perhaps be attributed to a younger 
population, obtaining specialist care at a referral hospital, or limitations with the modified 4-item 
FRAIL scale. However, a recent study in the Caribbean by the lead author also reported a similar rate 
[54]. However, Cuba has a much older populace, better healthcare system that emphasises on primary 
care programs among older adults and preventive measures. In Nigeria, a recent study reported a 
low prevalence of less than 10% [55]. Possible reasons for low frailty prevalence in studies among 
older adults with HIV in Africa included geographical location, higher physical activity levels, better 
and more frequent access to health services and type of frailty instrument used [42,56,57].  
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In the present study, frailty status was associated with age, marital status, living alone, health 
knowledge level, disability, BMI, diastolic blood pressure and chronic kidney disease stage but not 
sex or polypharmacy. Previous international reviews on frailty revealed similar frailty correlates such 
as age, low socioeconomic status, diet, sedentary lifestyle, depression and cardiometabolic diseases 
such as diabetes, and also female sex unlike the present study [50,53]. With respect to local studies 
on diabetes in Kenya, our study included much older participants [20,29]. Most were female, married 
and had attained formal education. Although one ethnic group predominated, both glycaemic control 
and frailty status were not influenced by ethnicity. Moreover, the reason for the lack of association 
between frailty and gender could not be ascertained.  

The World Health Organisation Integrated Care for Older People (ICOPE) guidelines call for 
effective screening, personalised geriatric assessment, person-centred care plans, appropriate 
geriatric referrals, and support for caregivers and communities through multidisciplinary and 
intersectoral approaches [58]. The International Conference of Frailty and Sarcopenia Research 
(ICFSR), on the other hand, recommends frailty screening for all older adults; comprehensive clinical 
assessments for those who screen positive; establishing a comprehensive plan to manage sarcopenia, 
polypharmacy, and weight loss; offering a multicomponent physical activity programme including 
the pre-frail; recommending protein/caloric supplementation for those with weight loss; and 
providing social support [12]. However, some pharmacological interventions, such as vitamin D 
supplementation, cognitive therapy, and hormone therapy, have been proven inefficacious in 
managing frailty [12].  

To our knowledge, we report for the first time the use of a modified version of the FRAIL scale 
in Kenya. The FRAIL instrument is a simple screening test that can be performed by lay persons or 
self-administered and does not require specialised equipment [11]. It has been validated across 
various health disciplines, various geographical regions, including Australia, United States, Mexico 
and Europe and even among black populations [16–18]. The scores for resistance and ambulation in 
the current study were higher than those for fatigue and greater than 5 illnesses. In a global systematic 
review on frailty incidence involving studies from low-resource settings, the FRAIL scale was the 
second-most common instrument used in 7 out of 29 studies [59]. This instrument was utilised in 
South Africa in a study evaluating cognitive impairment among preoperative older patients [60]. 
Although non-equivalent, the FRAIL scale is comparable to the Fried’s phenotype and may be limited 
by disability and difficulty in walking [14]. In Brazil, the Fried’s phenotype correlated with measures 
of fall risk such as Time Up and Go Test [6].  

In Kenya, other frailty tools, including the Edmonton Frail Scale, the Critical Frailty Scale and 
the Survey of Health, Ageing and Retirement in Europe - Frailty Instrument, have been utilised 
[10,61]. However, comprehensive geriatric assessment (CGA), which is often considered the reference 
standard test, requires a multidisciplinary team and considerable time [13]. The aforementioned 
Cuban study utilised the CGA and the Cuban frailty criteria for annual screening at a family doctor’s 
clinic [54]. In Nigeria, the Fried’s phenotype criteria produced similar results to high income 
countries, with a frailty prevalence of 7.3% [51]. The global ICFSR guidelines actually recommend the 
use of the FFP rather than the full CGA as a confirmatory post-screening test [12]. 

4.2. Diabetes, Glycaemic Control and Other Clinical Factors 

Approximately 10% of adults globally have diabetes and about 30–50% of patients with type 2 
diabetes in the United States, Japan, India and the Caribbean are over 65 years of age [31,52,62,63]. 
The average duration of diabetes in the present study was greater than that reported in previous 
studies in Kenya, where shorter durations of illness ranging between 8–11 years were reported 
[20,25,26]. In a previous study, more than four-fifths of the participants had poor glycaemic control 
on the basis of a lower HbA1c cut-off, and approximately three-quarters were overweight or obese, 
which is very similar to the present findings [20]. Fewer than half of the participants in the present 
study were aware of diabetes symptoms, with a majority aware of glycaemic targets and diabetes-
associated complications. The level of awareness could influence adherence to clinics, medication and 
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lifestyle measures and therefore needs to be enhanced through continuous patient education. At a 
rural facility in Kenya, the majority of patients had received hospital-based diabetes education, with 
over half knowing signs of hypoglycaemia [28]. It can be extrapolated that patients at KNH, the 
current study site, also received similar, if not better, diabetes education. Compared with other 
studies in rural Kenya, very few patients in the present study engaged in risky health behaviours 
such as smoking or alcohol consumption [28]. 

Although the mean glycaemic level among our study participants was suboptimal, the majority 
of the elderly achieved good HbA1c control. In the present study, glycaemic levels were associated 
with systolic blood pressure control, duration of diabetes, number of medications, triglyceride and 
high-density lipoprotein levels but not age, sex, ethnic group or social status. Previously, glycaemic 
control was linked to sociodemographic factors such as age, sex and ethnicity [64]. The HbA1c target 
of 8% used in this study is based upon the recommendation of the European Diabetes Working Party 
among the elderly [30]. Whereas a target of 7.5% remains the standard for the ‘biologically young’ 
older adult, reasonable targets for the frail include HbA1c levels of between 7.5–8.5% and FPG 
ranging 6–10mmol/L [52]. This relaxed cut-off point is suitable for disabled, bedridden, 
neurologically impaired individuals and those receiving assisted feeding to prevent hypoglycaemic 
episodes [30]. Patients with extreme HbA1c levels (low or high) are also at risk of diabetes 
complications [38]. HbA1c levels >8.0% have been associated with polyuria, polydipsia, nocturia, 
urinary infections, candidiasis and immunosuppression [31]. 

Hypertension was the most common comorbid disease in the present study, followed by eye 
disorders and diseases and arthritis. This finding was similar to those of two earlier studies in which 
comorbid hypertension was reported among 57% and 78% of participants [25,28]. Multimorbidity 
affects more than 80% of patients with diabetes and is associated with age and duration of diabetes 
[51]. In this study, elevated average systolic blood pressures and normal average diastolic pressures 
were reported. While a previous study reported higher off-optimal lipid levels ranging from 29–60%, 
in the present investigation, dyslipidaemia ranged from 11–17%, suggesting better control at the 
present site from treatment and lifestyle interventions [20]. Clinicians should as well target blood 
pressure control of <130/80 mm Hg, and low-density lipoprotein levels of <2.6mmol/L [30]. In this 
study, the majority of patients had adequate renal function, with only approximately one-fifth having 
stage 3 to 5 chronic kidney disease. Renal impairment has been shown to increase risk of frailty [51]. 

Polypharmacy was a relatively common finding among our elderly participants. Although we 
reported the number of medications, we did not collect data on types of medications nor adherence 
to treatment, which could have influenced glycaemic control. 

In a recent qualitative study at a tertiary private facility, patients had a good understanding of 
the type of medications but not their specific drug names; they believed that all the medicines were 
necessary but were concerned about the costs [65].  

4.3. Cost of Care 

Poor glycaemic control may be associated with the duration of illness and the cost of 
medications. In this study, most participants relied on resources from public facilities, which were at 
times limited, requiring participants to pay user fees and purchase unstocked drugs from retail 
pharmacies. Compared with patients at a county referral hospital, patients at KNH had better drug 
availability, were seen less frequently but spent more [25]. Newer oral anti-hyperglycaemic agents 
such as dipeptidyl peptidase-4 (DPP-4) inhibitors may be preferred due to lower side effects and 
better cardiovascular outcomes although this may come at additional costs [35]. In Cote dʹIvoire, 
frailty increased health utilisation and medical expenditure costs especially through primary care 
consultations and self-medication [8]. In the United States, the total estimated cost of diagnosed 
diabetes was US $327 billion including direct medical costs and reduced productivity [21].  

In the present study, most participants reported low levels of income. A majority were 
unemployed, with at least a quarter being self-employed and two-fifths earning less than US$ 38 
(5000 Kenyan shillings) per month. Although we did not determine the cost of care among our 
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patients, previous studies in rural and urban Kenya estimated that, on average, most patients spent 
between US$ 8–35 (1,000–4,500 Kenya shillings) on direct costs and an additional US$1–8 (100–1,000 
Kenya shillings) on indirect costs such as transport [25,28,37]. In rural Kenya, medicines account for 
most of the total direct costs of care, followed by transport costs, which increase among those with 
comorbid hypertension [37]. With inflation and economic hardship, it can only be assumed that the 
economic burden for our older patients attending a specialist clinic in a referral hospital in the city of 
Nairobi is much greater. Compared with those in nearby country referral hospitals, patients visiting 
national referral hospitals spend almost four times more on transport and direct healthcare costs [25]. 
In China, ill-health was a major contributor of poverty with non-communicable diseases leading to 
catastrophic out-of-pocket medical expenditure and disrupting school and work-related activities 
[36]. 

4.4. Strengths and Limitations 

The use of an interview-administered questionnaire is an effective strategy among respondents 
who are assumed to have high illiteracy rates. This ensured that research assistants could crosscheck 
the comprehension of each question and rephrase unclear questions if necessary. 

The FRAIL scale is based on the classical Fried’s phenotype criterion and is similar across high- 
and low-income countries [55]. Since the omission of weight loss in the present modified FRAIL scale 
could have resulted in a low frailty prevalence, compilation and automation of all patient records 
may avert future data loss and even allow for digitized retrospective frailty assessments. Machine 
learning and artificial intelligence techniques have been used to determine frailty, with better 
accuracy reported for the 5-item FRAIL compared to other frailty measures [66]. Although frailty is 
usually associated with being underweight, obesity can also be associated with sarcopenia, a 
condition referred to as ‘sarcopenic obesity’ [5,52]. Very few participants in the present study were 
underweight. In another study, researchers in China used BMI<18.5kg/m2 as an indicator of frailty 
rather than weight loss [67]. 

Due to limited resources, we could not perform current laboratory tests on glycaemic levels, 
lipid profile, and renal tests but relied on retrospective data over a two-year window. The associations 
between frailty or glycaemic control with these tests could therefore be inaccurate. Furthermore, 
HbA1c is not an imperfect test. It is affected by anaemia and genetic haemoglobin disorders and is 
useful after three months but not sooner [68]. However random blood sugar tests were up-to-date as 
they are required before every consultation.  

4.5. Implications and Recommendations 

• Finally, frailty screening and management should be integrated into the workflow of primary 
care providers [40,50]. The FRAIL scale is a simple tool that can be used by clinicians, patients 
or caregivers and takes less than 5 minutes. Clinicians should use frailty scores to have 
discussions with their patients, introduce multicomponent frailty interventions such as exercise, 
nutrition, medication review and social support, and train the entire primary care team on frailty 
screening and management [50].  

• To deal with incomplete assessments especially due to missing weight measurements, 
interventions could include empowering both the elderly patient and clinician to track on weight 
changes regularly to allow for weight loss calculation. Another alternative is to modify the scale 
with a surrogate measure such as BMI <18.5kg/m2 or Time Up To Go Test as previously highlight 
[47,66].  

• Although it remains unclear whether frailty screening is a cost-effective intervention, timely 
referrals should be made to geriatrician specialists for the frail elderly with complex issues [12]. 
Although policy on health investments in frailty screening and management should be based in 
best evidence, the frail elderly diabetic patients with disability and multi-morbidities are usually 
unfairly excluded from clinical trials [23,30]. 
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• Providers caring for elderly patients with diabetes should aim to achieve guideline 
recommended HbA1c targets while avoiding hypoglycaemic episodes.  

• Since the present study failed to prove an association between diabetes or other comorbidities 
and frailty, a case‒control or cohort study design across different patient populations and 
alternative frailty instruments may identify relationships, confounders and temporal 
associations. 

5. Conclusions 

We reported a low frailty prevalence using the FRAIL scale, poor glycaemic control, 
uncontrolled blood pressure, high obesity levels, and socioeconomic challenges. Frailty status was 
not associated with glycaemic control. 
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Author Contributions: Conceptualisation: D.M.M. and J.T., methodology: D.M.M. and R.W., Data collection, 
software, formal analysis, and resources: D.M.M., writing – original draft preparation: D.M.M., writing – 
reviewing and editing: D.M.M., J.T., O.W.T. and R.W., supervision: J.T., O.W.T. and R.W. All authors have read 
and agreed to the published version of the manuscript. 

Funding: The authors received no financial support for the research, authorship, and/or publication of this 
article. 

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of 
Helsinki. Academic and ethical approval for the study was obtained from the Graduate School of Kenyatta 
University (ref. P151/21461/2022) and KNH/University of Nairobi Ethics Review Committee (ref. no. 
P854/11/2023), respectively. Study permits were obtained from the National Commission for Science, 
Technology, and Innovation (ref. no. NACOSTI/P/24/36340) and KNH’s Department of Medicine. 

Informed Consent Statement: Informed written consent was obtained from all subjects involved in the study 
prior to data collection through signing of consent forms in English or Swahili. . 

Data Availability Statement: This article is based on research originally conducted as part of the investigator’s 
master’s thesis titled ‘Frailty status and type 2 diabetes control among older adults at Kenyatta National Hospital, Kenya’, 
submitted to the Department of Family Medicine, Community Health and Epidemiology, in 2025. The thesis was 
supervised by J.T., O.W.T. and R.W.  The manuscript has been revised and adapted for journal publication. The 
author confirms that the content has not been previously published or disseminated and complies with ethical 
standards for original publication. The thesis is currently unpublished and not publicly available. However, the 
data that support these findings have been included in the manuscript and supplementary files and all data will 
be made publicly accessible as a thesis publication under Kenyatta University’s Institutional Repository 
(https://repository.ku.ac.ke/handle/123456789/439). 

Acknowledgments: Authors wish to thank all participants in the study. We acknowledge input from Gulnaz 
Mohamoud, Consultant Family Physician, Aga Khan University Hospital and Irene Njeri, Consultant Physician 
and Endocrinologist, Kiambu Level 5 Hospital during project conceptualisation stage. 

Conflicts of Interest: The authors declare no conflicts of interest (no financial or personal relationships) that may 
have inappropriately influenced them in writing this article. 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 April 2026 doi:10.20944/preprints202604.1080.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.1080.v1
http://creativecommons.org/licenses/by/4.0/


 16 of 19 

 

Abbreviations 

The following abbreviations are used in this manuscript: 

aOR adjusted Odds Ratio 

BMI Body Mass Index 

CGA Comprehensive Geriatric Assessment 

FPG Fasting Plasma Glucose 

HbA1c Glycated Haemoglobin 

IANA International Association of Nutrition and Ageing 

KNH Kenyatta National Hospital 

SEM Standard Error of Mean 

T2DM Type 2 Diabetes Mellitus 
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