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Abstract
Background: Diabetes is the leading cause of kidney disease and contributes to 38% of kidney failure requiring dialysis. 
A gap in detection and management of type 2 diabetes (T2D) in chronic kidney disease (CKD) exists in primary care. 
Community pharmacists are positioned to support those not able to access kidney care through traditional pathways. 
Algorithms were developed and validated to assist community pharmacists in identifying individuals with T2D in CKD and 
prescribing kidney-protective medications.
Objective: The objective was to develop and validate pharmacist algorithms to confirm T2D and CKD and to prescribe 
guideline-directed therapies for individuals with an estimated glomerular filtration rate (eGFR) of 30 to 60 mL/min/1.73 m² 
in community pharmacy primary care clinics in Nova Scotia.
Design: Lynn’s method was utilized for algorithm development and content validation. Interview data were analyzed using 
qualitative descriptive analysis.
Setting: Pharmacists working in primary care clinic settings completed content and face algorithm validation, and virtual 
interviews were conducted following each round of validation.
Patients: The algorithms aim to support individuals with T2D and CKD in primary care by optimizing the resources and 
capacity of community pharmacists while ensuring safety and quality of care through a team-based approach. Patient partners 
were not part of algorithm development and validation.
Measurements: Content validity was computed using an item-level content validity index (I-CVI) and scale-level content 
validity index (S-CVI/Ave) per round. To measure face validity, percentages of those that “agreed” or “strongly agreed” to 
five statements were calculated.
Methods: Evidence- and expert-informed algorithms were developed and revised using Lynn’s 3-step method (domain 
identification, item generation per domain, and instrument formation). Best evidence was collated with literature searches, 
and experts in nephrology, endocrinology, family medicine, nursing, and pharmacy revised the algorithms until there was 
consensus agreement on 4 final algorithms (detection of T2D and CKD, initiation/titration of angiotensin-converting 
enzyme inhibitors or angiotensin receptor blockers, and initiation/management of sodium-glucose cotransporter-2 inhibitors 
and finerenone). Six community pharmacists per round for 3 rounds were needed to validate the algorithms. A 2-part 
questionnaire was utilized where pharmacists rated content and face validity using Likert scales. I-CVI and S-CVI/Ave per 
round and across 3 rounds were determined. Percentages were calculated for the rating level of agreement to 5 statements. 
Interviews were conducted and analyzed. Revisions were made to the algorithms between rounds.
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Results: Eighteen community pharmacists (6 per round) participated with a mean ± standard deviation of 18 ±11 years 
of experience. The I-CVI of each item of the algorithms per round ranged from 0.83 to 1, which met the content validity 
threshold of 0.83 (P < .05) for at least 6 participants. The overall S-CVI/Ave across 3 rounds was 0.97. The overall percentage 
of participants across 3 rounds who agreed or strongly agreed to 5 face validity statements ranged from 83% to 100%, which 
was above the prespecified threshold for face validity consensus.
Limitations: The algorithms are intended for individuals with an eGFR of 30 to 60 mL/min/1.73m². While guideline 
medications are indicated below this threshold, this cut point was selected as these individuals should typically be referred 
to a nephrologist. There is a potential for delays in initiation of kidney-protective medications below this threshold while 
waiting to be seen by nephrology.
Conclusions: This is the first study to develop and validate algorithms for a new model of care that utilizes community 
pharmacists to identify and manage T2D and CKD in primary care. The algorithms achieved high content and face validity. 
Future implementation and evaluation will determine the effectiveness and safety of the algorithms.
Trial Registration: Not registered.

Abrégé 
Contexte: Le diabète est la principale cause de néphropathie et contribue à 38 % des insuffisances rénales nécessitant une 
dialyze. On constate des lacunes dans les soins primaires en ce qui concerne la détection et la prise en charge du diabète 
de type 2 (DT2) en contexte d’insuffisance rénale chronique (IRC). Les pharmaciens communautaires sont bien placés pour 
assister les personnes qui ne sont pas en mesure d’accéder aux soins rénaux par les voies traditionnelles. Des algorithmes 
ont été développés et validés pour aider les pharmaciens communautaires à identifier les personnes atteintes de DT2 en 
contexte d’IRC et à prescrire des médicaments de protection rénale.
Objectif: Développer et valider des algorithmes destinés aux pharmaciens des cliniques de soins primaires en pharmacie 
communautaire, en Nouvelle-Écosse, afin de les aider à confirmer le DT2 et l’IRC chez les personnes dont le débit de 
filtration glomérulaire estimé (DFGe) se situe entre 30 et 60 ml/min/1,73 m² et à prescrire des traitements fondés sur les 
lignes directrices.
Conception: La méthode de Lynn a été utilisée pour le développement d’algorithmes et la validation de contenu. L’analyze 
descriptive qualitative a servi à évaluer les données issues des entretiens.
Cadre: Des pharmaciens travaillant dans des établissements de soins primaires ont complété la validation apparente et la 
validation de contenu des algorithmes. Des entretiens en mode virtuel ont été menés après chaque ronde de validation.
Participants: Les algorithmes visent à soutenir les personnes diabétiques atteintes d’IRC en contexte de soins primaires 
en optimisant les ressources et la capacité des pharmaciens communautaires, tout en assurant la sécurité et la qualité des 
soins grâce à une approche collaborative. Les partenaires patients n’ont pas participé au développement ni à la validation des 
algorithmes.
Mesures: La validité de contenu a été déterminée pour chaque ronde à l’aide de l’index de la validité de contenu au niveau 
de l’item (I-CVI) et d’un index de validité de contenu au niveau de l’échelle (S-CVI/AVE). La validité apparente a été mesurée 
par le calcul des pourcentages de réponses « d’accord » ou « fortement d’accord » à cinq énoncés.
Méthodologie: Des algorithmes fondés sur les données probantes et l’avis d’experts ont été développés et révisés 
selon la méthode en trois étapes de Lynn (identification du domaine d’intérêt, génération d’items par domaine et création 
d’instruments). Des recherches documentaires ont permis de rassembler les meilleures données probantes, puis des 
spécialistes en néphrologie, endocrinologie, médecine familiale, soins infirmiers et pharmacie ont révisé les algorithmes jusqu’à 
l’obtention d’un consensus sur quatre algorithmes finaux (détection du DT2 et de l’IRC; initiation/dosage des inhibiteurs de 
l’enzyme de conversion de l’angiotensine ou des antagonistes du récepteur de l’angiotensine; initiation/prise en charge des 
inhibiteurs du cotransporteur-2 de sodium-glucose; finérénone). Trois rondes (six pharmaciens communautaires par ronde) 
ont été nécessaires pour valider les algorithmes. Un questionnaire en deux parties demandait aux pharmaciens d’évaluer 
la validité apparente et de contenu à l’aide d’échelles de Likert. Pour chaque ronde, des index I-CVI et S-CVI/AVE ont été 
déterminés et des pourcentages ont été calculés pour le degré d’accord avec cinq énoncés. Des entrevues ont été menées, 
puis analysées. Des corrections ont été apportées aux algorithmes entre les rondes.
Résultats: Dix-huit pharmaciens communautaires (six par ronde) avec une moyenne de 18 ans (écart-type moyen: ±11 
ans) d’expérience ont participé à l’étude. Pour chaque ronde, l’I-CVI de chaque item des algorithmes variait de 0,83 à 1, ce 
qui atteint le seuil de validité de contenu de 0,83 (P < .05) pour au moins six participants. L’index S-CVI/AVE global sur trois 
rondes était de 0,97. Le pourcentage global de participants au cours des trois rondes qui étaient d’accord ou fortement 
d’accord avec cinq énoncés de validité apparente variait de 83 à 100 %, ce qui est supérieur au seuil prédéfini pour le 
consensus de validité apparente.
Limites: Les algorithmes sont conçus pour les individus dont le DFGe se situe entre 30 et 60 ml/min/1,73 m². Bien que 
les médicaments recommandés soient indiqués sous ce seuil, ce point limite a été choisi, car ces personnes devraient 
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normalement être orientées en néphrologie. Il existe un risque de retard dans l’initiation des médicaments de protection 
rénale en dessous de ce seuil en attendant d’être vu par la néphrologie.
Conclusion: Il s’agit de la première étude à développer et valider des algorithmes pour un nouveau modèle de soins où les 
pharmaciens communautaires pourraient identifier et prendre en charge le DT2 et l’IRC en contexte de soins primaires. La 
validité de contenu et la validité apparente des algorithmes ont été évaluées. L’efficacité et l’innocuité des algorithmes seront 
déterminées par leur mise en œuvre et leur évaluation futures.
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Introduction

Thirty percent of Canadians live with diabetes or prediabe-
tes.1 Diabetes is the leading cause of kidney disease and con-
tributes to 38% of kidney failure requiring dialysis in 
Canada.2-4 People with diabetes are also 12 times more likely 
to be hospitalized with kidney failure.1 One out of 10 
Canadians or nearly 4 million adults have chronic kidney 
disease (CKD).2,4 In Canadian primary care practices, the 
prevalence of CKD is 72 per 1000 individuals and is higher 
in rural settings than in urban settings.5 As kidney function 
and estimated glomerular filtration rate (eGFR) decline in 
those with type 2 diabetes (T2D), there is an increased risk of 
cardiovascular events including heart failure, hospitaliza-
tion, mortality, and higher utilization of health care 
resources.6-8

Over the past several years, new drug therapies with  
cardiorenal benefits have emerged for the treatment of 

individuals with T2D and CKD.8-13 These therapies include 
sodium-glucose cotransporter-2 inhibitors (SGLT2i), nonste-
roidal mineralocorticoid receptor antagonists (MRA, finere-
none), and glucagon-like peptide-1 receptor agonists 
(GLP1-RA). Clinical practice guidelines for diabetes man-
agement in CKD have been updated to include these thera-
pies as standard of care. These therapies are recommended 
along with lifestyle, glycemic and blood pressure optimiza-
tion, and treatment with angiotensin-converting enzyme 
inhibitors (ACEi) or angiotensin receptor blockers (ARBs) 
in those with hypertension or albuminuria.8-13

Despite compelling evidence for these therapies in T2D 
and CKD, the use of guideline-directed prescribing, par-
ticularly in primary care, is sub-optimal.14-19 Many barriers 
have been cited including complexity of prescribing and 
monitoring, concerns about side effects (hyperkalemia, 
eGFR dip, cough or reproductive concerns with ACEi or 
ARB, or genital mycotic infections with SGLT2i), 
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medication costs, limited visit time for complex care, and 
lack of patient awareness.20-23 In addition, testing for and  
recognizing CKD is another barrier to the use of kidney- 
protective medications.24-27 Many individuals with T2D and 
early stages of kidney disease are mainly managed in pri-
mary care. They have the most to gain from early detection 
and persistent prescribing of the kidney-protective therapies 
known to slow progression and its complications.

According to a recent national survey, approximately one 
in five Canadians are without a family physician or nurse 
practitioner.28 Community pharmacists commonly see indi-
viduals with diabetes and kidney disease. Pharmacists’ scope 
of practice in Canada has expanded over the past few years 
to allow for a more active role in managing chronic diseases 
in primary care.29 In 2023, the Pharmacy Association of 
Nova Scotia (PANS) in partnership with the Government of 
Nova Scotia and Nova Scotia Health launched 26 commu-
nity pharmacy primary care clinics (CPPCCs) in locations 
with the highest number of people without a family physi-
cian.30 These pharmacist-led clinics provide an extended 
suite of pharmacy primary care services including assess-
ment and prescribing for chronic disease management.30,31 
These clinics are appointment-based, operate separately 
from the pharmacy dispensary, and are supported by a 
24-hour consultation service staffed by a nurse practitioner 
and/or pharmacist.

Community pharmacists are in an ideal position to order 
blood work to support the collaborative diagnosis of CKD 
and to prescribe and monitor guideline-directed medications 
needed to preserve kidney function in this population. 
Community pharmacists’ perspectives from our previous 
research however identified that this is best accomplished 
through evidence- and expert-informed tools or algorithms.32 
Validated community pharmacist prescribing algorithms of 
kidney-protective medications in this population are absent 
in the literature. Our objective was to develop and validate 
pharmacist algorithms to confirm T2D and CKD diagnosis 
and to prescribe guideline-recommended therapies (ACEi or 
ARB, SGLT2i, and finerenone) for those with an eGFR of 30 
to 60 mL/min/1.73 m² in CPPCCs in Nova Scotia. This 
research utilizes an innovative model of care to address the 
gap in CKD detection and management in primary care by 
optimizing the resources and capacity of community phar-
macists while ensuring safety and quality of care through a 
team-based approach.

Methods

This study consisted of two phases. Phase 1 encompassed 
developing algorithms to assist pharmacists working in a 
CPPCC to confirm the diagnosis of T2D and CKD, and to 
manage pharmacotherapy to slow CKD progression in indi-
viduals with an eGFR of 30 to 60 mL/min/1.73 m². This 
eGFR cut point was selected as individuals with an eGFR 
below 30 mL/min/1.73 m2 are typically referred to and 

managed by a nephrologist. Phase 2 was comprised of vali-
dation of the algorithms by community pharmacists. The 
study was approved by Nova Scotia Health’s Research Ethics 
Board (File #1030369).

Phase 1: Development of the Algorithms

Our recent qualitative study of interviews of community 
pharmacists’ perspectives on assessing kidney function and 
prescribing in primary care guided the algorithm develop-
ment phase.32 Four algorithms were developed including 
detection of T2D and CKD, initiation and titration of ACEi 
or ARB to maximally tolerated doses, and initiation and 
management of SGLT2i and finerenone. Only publicly 
funded medications were included in the algorithms. To 
identify the best evidence for these algorithms, a medical 
librarian assisted with search strategies in Ovid MEDLINE, 
Embase, CINAHL, and Cochrane databases between January 
1, 2020, and March 15, 2024. Evidence tables were created 
for the diagnostic criteria for T2D and CKD along with each 
algorithm medication to assist the research team in algorithm 
development (see Supplementary File 1). From here, evi-
dence- and expert-informed algorithms were developed and 
revised using Lynn’s 3-step method (domain identification, 
item generation per domain, and instrument formation).33 
Team experts included nephrologists, pharmacists, an endo-
crinologist, a family physician, a nurse practitioner, an 
implementation scientist, policy-makers, and information 
system specialists. These experts identified three key 
domains for our T2D and CKD algorithms including screen-
ing/assessment, prescribing, and monitoring (laboratory val-
ues and physical assessment). Per domain, relevant 
evidence-based items were extracted from literature, guide-
lines, and medication product monographs. The research 
team met virtually to conceptualize the instrument or algo-
rithm formation. A sequential algorithm format, which fol-
lows a linear set of steps, was preferred by the team.34 
Decision nodes were used to ensure each step was completed 
before moving onto the next and to enable navigation through 
different clinical scenarios. Sequential algorithms also sup-
ported the integration of loops where multiple steps need to 
be completed to achieve an outcome, such as with the titra-
tion of an ACEi or ARB to achieve a maximally tolerated 
dose. The first draft of the algorithms underwent three rounds 
of review and revisions with the research team until agree-
ment was reached on the final algorithms using the methods 
outlined in the following sections for pharmacist content and 
face validation.

Phase 2: Pharmacist Validation of the Algorithms

Community pharmacists working in a CPPCC were recruited 
using an advertisement sent through email by PANS. 
Informed consent was obtained for those agreeing to partici-
pate. Six community pharmacist participants per round (18 
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community pharmacists in total across 3 rounds) were 
needed to minimize the risk of chance agreement based on 
previous work done by a team member (M.B.).35-37 A mini-
mum of three rounds were planned with revisions made by 
research team members between each round.

Validation of the algorithms was based on an approach 
outlined by Lynn’s method.33 A two-part questionnaire was 
developed to validate the algorithm’s content (e.g., appropri-
ateness, accuracy, completeness of content) and face validity 
(e.g., clarity, comprehensibility, and appropriateness to the 
user) based on Feinstein’s concept of clinical sensibility38 
(see Supplementary File 2). The algorithms were divided 
into items A to G to align with the two-part questionnaire 
(see Supplementary File 3). Pharmacist participants were 
emailed the two-part questionnaire along with the algorithms 
and were given 10 days to complete their questionnaire. 
After questionnaires were returned, a 1-on-1 short virtual 
interview was conducted (J.-A.W., J.M.) with each pharma-
cist to discuss ratings and comments.

Content Validation

Participants were asked to independently rate the algorithms 
on a four-point Likert scale (1: strongly disagree [unaccept-
able, remove], 2: disagree [unacceptable, major revisions 
needed], 3: agree [acceptable with minor revisions], 4: 
strongly agree [acceptable as is]). Participants were asked to 
provide comments about where revisions were needed. Any 
rating of 1 or 2 by one or more participants required revision 
before the subsequent round.

Face Validation

Participants were asked to rate statements regarding each of 
the algorithms on a five-point scale (1: strongly disagree, 2: 
disagree, 3: neither agree nor disagree, 4: agree, 5: strongly 
agree). Statements included questions whether the tool was 
clear and understandable, used appropriate language and 
wording, flowed in a logical manner, whether they would use 
it in their practice, and whether they would recommend its 
use. Participants were asked to provide comments to improve 
the algorithms. Any statement with a rating of 1 to 3 by one 
or more participant’s required revision.

Statistical Analysis

For content validity, the content validity index (CVI) was 
computed using an item-level CVI (I-CVI) and scale-level 
CVI (S-CVI/Ave) per round. The I-CVI is the proportion of 
pharmacist participants giving the item (A to G) a rating of 3 
or 4. According to Lynn and others, for 6 participants in a 
round, at least 5 must agree (rating of 3 or 4) to establish 
content validity at P < .05 (I-CVI of ≥0.83).33,39-41 An item 
is considered invalid if 2 out of the 6 participants per round 
provide a rating of 1 or 2 (I-CVI ≤ 0.67). The S-CVI/Ave is 

the average of all I-CVI scores for all items (A to G) per 
round. We also calculated the overall I-CVI for each item and 
S-CVI/Ave across the three rounds. A S-CVI/Ave ≥ 0.9 indi-
cates that the algorithms have excellent content validity.39-41

For face validity, percentages were calculated for the rat-
ing of each statement. Ratings of 4 or 5 were deemed as face 
valid while ratings of 1 to 3 were not. A threshold for consen-
sus was set at a minimum of 70% of the number of partici-
pants, with level of agreement set as agree or strongly agree 
(rating of 4 or 5). This threshold is commonly employed 
when using the Delphi technique.35,36,42-44 Algorithm compo-
nents that did not achieve content and face validation required 
revision before the next round.

Interview data were analyzed using a qualitative descrip-
tive analysis. As described by Sandelowski, this approach is 
characterized by its focus on summarizing the informational 
contents of the data (what participants said) rather than on 
interpretation (what participants meant).45,46 Relevant to tool 
development, this low-inference approach is well suited to 
describe pharmacists’ perspectives on the tool in terms of 
content and face validity, ease of use, and identification of 
specific opportunities for improvement.

Results

Phase 1: Development of Algorithms

Between 10 and 14 research team content experts, based on 
availability, informed the algorithm development in 3 rounds 
of content and face validation between March 31, 2024, and 
May 31, 2024 (Supplementary File 4). Over 3 rounds, the 
I-CVI per algorithm item ranged from 0.80 to 1. The overall 
S-CVI/Ave across three rounds was 0.96. The overall per-
centage of participants (average across three rounds) who 
agreed or strongly agreed to five face validity statements 
ranged between 82% and 100%. Following content and face 
validation and when no further algorithm revision was 
required, we proceeded to the pharmacist algorithm valida-
tion in phase 2.

Phase 2: Pharmacist Validation of Algorithms

Study participants.  Eighteen community pharmacists from 
different urban (61%) and rural (39%) community pharmacy 
primary care settings in all zones of Nova Scotia partici-
pated. The majority (94%) of participants were female. The 
mean ± standard deviation (SD) for participant age was 43 
± 10 years, with 18 ± 11 years of experience (Table 1). 
Most of the participants (89%) had a Bachelor of Science in 
Pharmacy as their highest academic qualification. The mean 
debrief interview duration was 30 minutes (range: 22-35 
minutes).

Content and face validation.  Three rounds of content and face 
validation were undertaken between June 2, 2024, and July 
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Table 1.  Community Pharmacists’ Demographic and Practice 
Characteristics.

Characteristic Participants (n = 18)

Age, years (mean ± SD) 43 ± 10
Sex, female, n (%) 17 (94)
Years of practice, years (mean ± SD) 18 ± 11
Zone location, n (%)  
  Urban 11 (61)
  Rural 7 (39)
Type of site  
  CPPCCa 14 (77.8)
  Walk-in Clinic Plusb 1 (5.5)
  NSH Primary Care Clinicc 3 (16.7)
Highest academic credential, n (%)  
  Bachelor of Science in Pharmacy 16 (89)
  Entry-to-practice PharmD 1 (5.5)
  Post-graduate PharmD/Fellowship 1 (5.5)

Note. CPPCC = community pharmacy primary care clinic; PharmD = 
doctor of pharmacy; SD = standard deviation; NSH = Nova Scotia 
Health.
aCommunity pharmacist.
bCommunity pharmacist/nurse practitioner.
cPharmacist/nurse practitioner or physician.

Table 2.  Pharmacist Algorithm Content Validity Indices Scores.

Round 1: Algorithm item I-CVI S-CVI/Ave

A 1 1
B 1  
C 1  
D 1  
E 1  
F 1  
G 1  
Round 2: Algorithm item I-CVI S-CVI/Ave
A 1 0.93
B 0.83  
C 1  
D 0.83  
E 0.83  
F 1  
G 1  
Round 3: Algorithm item I-CVI S-CVI/Ave
A 1 0.98
B 1  
C 1  
D 1  
E 1  
F 1  
G 0.83  
Overall average (rounds 1-3) I-CVI S-CVI/Ave
A 1 0.97
B 0.94  
C 1  
D 0.94  
E 0.94  
F 1  
G 0.94  

Note. A = Screen/Confirm T2D; B = Screen/Confirm CKD; C = ACEi or 
ARB Titration to Maximally Tolerated Dose; D = ACEi or ARB Initiation 
and Titration to Maximally Tolerated Dose; E = ACEi or ARB Dose 
Table; F = SGLT2i; G = Finerenone.

17, 2024. Three rounds of interviews (18 total) were con-
ducted between each round. Tool revisions were made after 
each round, and changes made are available in the Supple-
mentary File 5. The first part of the questionnaire quantified 
content validity (Supplementary File 6). Over three rounds, 
the I-CVI of each algorithm item (A to G) ranged from 0.83 
to 1. The I-CVI of each item of the algorithms per round of 
validation met the threshold of 0.83 (P < .05) for at least 6 
participants (Table 2). The calculated S-CVI/Ave for rounds 
1, 2, and 3 of the pharmacist content validation was 1, 0.93, 
and 0.98, respectively. The overall S-CVI/Ave across three 
rounds was 0.97 and exceeded the threshold for content 
validity. Therefore, community pharmacists found the algo-
rithm content appropriate, accurate, and complete for the 
management of T2D in CKD.

The second part of the questionnaire quantified face valid-
ity (Supplementary File 7). The overall percentage of partici-
pants (average across 3 rounds) who agreed or strongly 
agreed to 5 face validity statements for algorithm 1 (confirm-
ing T2D and CKD diagnosis), algorithm 2 (ACEi or ARB), 
algorithm 3 (SGLT2i), and algorithm 4 (finerenone) ranged 
from 89% to 94%, 83% to 100%, 89% to 100%, and 83% to 
100%, respectively (Table 3). All algorithms were above the 
prespecified threshold for face validity consensus of 70% by 
round 3. Therefore, community pharmacists considered the 
algorithms clear, comprehensive, and appropriate for users. 
Algorithm agreement (across 3 rounds) for statement 1 
(algorithm is clear and understandable), 2 (algorithm uses 
appropriate language and wording), 3 (algorithm flows in a 
logical manner), and 4 (confident in using algorithm in their 

practice) ranged from 67% to 100%. Agreement for those 
who would be confident recommending the use of the algo-
rithms (statement 5) ranged from 83% to 100%. The algo-
rithms with the highest overall agreement scores (5 statements 
combined across 3 rounds) were SGLT2i (95.4%), followed 
by ACEi or ARB (93.2%), confirming T2D in CKD (91%), 
and finerenone (89.8%). The finerenone algorithm required 
the most revision for face validation.

Interview feedback.  Recurring feedback was identified 
throughout the 3 rounds of algorithm validation. Most com-
ments were related to the formatting and wording of certain 
aspects of the algorithms to improve clarity and usability. For 
example, sentences were reworded, some words were bolded 
to add emphasis, and details were added to certain steps to 
minimize ambiguity. Several participants from round 1 of 
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Table 3.  Pharmacist Algorithm Face Validity: Level of Agreement per Statement.

Algorithm to assist community pharmacist to confirm diagnosis of T2D and CKD

Statement N (%) participants who agree or strongly agree

The algorithm is clear and understandable 16 (89%)
The algorithm uses appropriate language and wording 16 (89%)
The algorithm flows in a logical manner 17 (94%)
I would use this algorithm in my own practice 16 (89%)
I would be confident recommending the use of this algorithm 17 (94%)
Algorithm to assist community pharmacist prescribing of ACEi or ARB for T2D in CKD (eGFR 30-60 mL/min/1.73 m²)
Statement % Participants who agree or strongly agree
The algorithm is clear and understandable 16 (89%)
The algorithm uses appropriate language and wording 18 (100%)
The algorithm flows in a logical manner 15 (83%)
I would use this algorithm in my own practice 17 (94%)
I would be confident recommending the use of this algorithm 18 (100%)
Algorithm to assist community pharmacist prescribing of SGLT2i for T2D in CKD (eGFR 30-60 mL/min/1.73 m²)
Statement % Participants who agree or strongly agree
The algorithm is clear and understandable 17 (94%)
The algorithm uses appropriate language and wording 18 (100%)
The algorithm flows in a logical manner 17 (94%)
I would use this algorithm in my own practice 16 (89%)
I would be confident recommending the use of this algorithm 18 (100%)
Algorithm to assist community pharmacist prescribing of finerenone for T2D in CKD (eGFR 30-60 mL/min/1.73 m²)
Statement % Participants who agree or strongly agree
The algorithm is clear and understandable 15 (83%)
The algorithm uses appropriate language and wording 18 (100%)
The algorithm flows in a logical manner 16 (89%)
I would use this algorithm in my own practice 15 (83%)
I would be confident recommending the use of this algorithm 17 (94%)

Note. ACEi = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; CKD = chronic kidney disease; CPPCC = community 
pharmacy primary care clinic; T2D = type 2 diabetes.

validation commented that the ACEi or ARB algorithms 
were too complex. In response to these comments, items C 
and D were split into two separate algorithms (for round 2 
and 3), where item C provides guidance on titration to maxi-
mally tolerated dose, and item D provides guidance on initia-
tion and titration to maximally tolerated dose. In addition, it 
was suggested to integrate links to provide resources for life-
style and relevant guidelines for T2D in CKD. In response to 
comments regarding the algorithm eGFR cut points of 30-60 
mL/min/1.73 m2, a disclaimer was added to include SGLT2i 
and finerenone drug product monograph labeling around ini-
tiation of these medications at lower eGFRs (<20 mL/
min/1.73 m2 [SGLT2i] and ≤25 mL/min/1.73 m2 [finere-
none]). This disclaimer also added clarity to ensure that those 
with an eGFR below 30 mL/min/1.73 m2 are referred to 
nephrology. A few participants commented that they had a 
lack of clinical experience with the finerenone algorithm to 
provide content validation and would require education and 
training. Furthermore, there were concerns with the finere-
none algorithm provincial funding criteria as it required 

consultation with a nephrologist for coverage. To overcome 
this barrier, we sought provincial funding approval that the 
use of the finerenone algorithm would meet the nephrologist 
consultation criteria as it was extensively developed by these 
stakeholders. Figure 1 shows the final version of the vali-
dated algorithms.

Discussion

These algorithms were developed to enhance detection and 
use of guideline-directed kidney-protective medications for 
those with T2D and CKD in primary care using a collabora-
tive community pharmacist model of care. While content 
validity was achieved in round 1, we continued with three 
rounds as face validity did not occur until round 3. The algo-
rithms achieved high content validation with an overall 
S-CVI/Ave across three rounds of 0.97. The overall percent-
age of participants (average across three rounds) who agreed 
or strongly agreed to 5 face validity statements ranged from 
83% to 100%. Overall, 83% to 94% of participants (average 
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Figure 1.  Final validated algorithms.
Note. ACEi = angiotensin-converting enzyme inhibitor; ARB = angiotensin II receptor blocker; CKD = chronic kidney disease; CVD = cardiovascular disease; 
RAS = renin-angiotensin system; SGLT2 inhibitor = sodium-glucose cotransporter-2 inhibitor; T2D = types 2 diabetes; RAS inhibitor = ACEi or ARB.
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across 3 rounds) agreed they would use the algorithms in 
their own practice.

Clinical pathways for diagnosis, management, and refer-
ral of adults with CKD have been developed for health care 
providers including the potential clinical use for pharma-
cists.47 However, this is the first study to develop and vali-
date algorithms for a model of care that utilizes community 
pharmacists to identify and manage T2D and CKD in pri-
mary care.

The algorithms provide a systematic, comprehensive, evi-
dence- and expert-informed approach to assist community 
pharmacists screen, order blood work to identify T2D and 
CKD, and prescribe and monitor ACEi or ARB, SGLT2i, and 
finerenone.

The algorithms target those with an eGFR of 30 to 60 mL/
min/1.73 m2 as these individuals are typically managed in 
primary care and not by a nephrologist. A study in a com-
munity pharmacy conducting point-of-care eGFR testing in 
high-risk individuals led to the identification of nearly 40% 
of participants with CKD stages 3 to 5.48 Our algorithms 
also include triggers to refer to a nephrologist when the 
eGFR falls below 30 mL/min/1.73 m2. They were developed 
to support individuals with or without a family physician; 
however, there are several algorithm branch points where 
collaborative care is required. One example is where phar-
macists must consult with a nurse practitioner or the indi-
vidual’s family physician to confirm a diagnosis of CKD or 
to refer to nephrology. Coordination of care has been shown 
to increase the use of guideline-directed medication thera-
pies particularly in higher risk populations.49,50 The algo-
rithms also build in regular contact points for the pharmacist 
to assess response, provide education, and support ongoing 
treatment. Ongoing use of kidney-protective medications is 
required to derive their benefits. Higher risk of death and 
kidney failure have been associated with increasing dura-
tion of ACEi or ARB discontinuation.51 Significant 
improvements in adherence and medication knowledge 
have been reported with pharmacist-managed or cross-team 
collaboration.52,53

The addition of a pharmacist in ambulatory or primary 
care settings has been shown to support greater use of guide-
line-directed therapies in individuals with CKD.19,54-59 The 
DRIVE trial, Diabetes Remote Intervention to Improve 
Use of Evidence-Based Medications, was a remote virtual 
team-based approach which included a clinical pharmacist 
who prescribed an SGLT2i or a GLP1 receptor agonist 
under a collaborative drug therapy management agree-
ment, along with a nurse practitioner and physicians.60 The 
trial led to greater detection and prescribing of guideline 
therapeutics.

Strengths of this study include the utilization of evidence 
and content experts in nephrology, endocrinology, family 
medicine, nursing, pharmacy, informatics, professional asso-
ciations, and regulators to inform the algorithm develop-
ment. The algorithms foster collaborative team-based care 

with the individual’s health care team and facilitate referrals 
where needed. The algorithms support screening individuals 
at risk of T2D and CKD, which may improve detection. To 
remove the barrier of medication access, we only included 
medications with provincial funding. Individuals lacking 
medication insurance have been associated with lower pre-
scribing rates of guideline-directed kidney-protective medi-
cations.14,20-23 Following team expert consensus, content and 
face validation with community pharmacists was undertaken 
with a balanced number of urban and rural pharmacy clinics, 
which may support adoption and scalability in other jurisdic-
tions. Furthermore, we utilized the Lynn method for estab-
lishing content validity, which is commonly used for 
algorithm validation.35-37 This method allows for multiple 
rounds of feedback until validation of the final algorithms.33 
There are several study limitations. First, although Lynn’s 
method is widely used to validate algorithms, there is no 
universally accepted threshold for content validation. 
Second, research team content experts validating the algo-
rithm initially were also those who developed the algo-
rithms and therefore may have been biased in their 
validation scores. However, we achieved high I-CVI and 
S-CVI across three rounds with the community pharmacist 
algorithm validators, which adds confidence that valida-
tion was achieved. Third, not all comments could be inte-
grated in the algorithms. These will be included in future 
education and training for algorithm implementation. 
Fourth, GLP-1 receptor agonists were not included as an 
algorithm due to the lack of public funding but will be a 
part of future algorithm development given the reported 
benefits in reducing kidney and cardiovascular clinical 
outcomes in individuals with CKD with T2D.61 It is impor-
tant to note that the generalizability of these algorithms in 
other jurisdictions may be impacted by medication cover-
age. Furthermore, this validation study did not include 
patient voice. Patient partners have joined the research 
team to support the implementation and evaluation of the 
algorithms. Lastly, these algorithms did not focus specifi-
cally on lifestyle considerations, but we plan to incorpo-
rate resources and education and strengthen linkages to 
provincial diabetes centers with future algorithm 
implementation.

Conclusion

We developed and validated algorithms for confirming the 
diagnosis of T2D and CKD and for prescribing kidney- 
protective medications (ACEi or ARB, SGLT2i, and finere-
none) by community pharmacists working in CPPCCs in 
Nova Scotia. The algorithms underwent rigorous content and 
face validation, first by the research team and then by the 
community pharmacists end users. Community pharmacists 
are positioned to support individuals who are not able to access 
kidney care through traditional pathways. This research has 
the potential to improve access to CKD care as well as create 
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greater responsiveness and coordination of team-based care 
through CPPCCs. Future research seeks to implement and 
evaluate the algorithm’s effectiveness and safety in CPPCCs.
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