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Highlights
What are the main findings?

e Only 22.7% of adults with diabetes received full guideline-concordant DKD care; the
gap was more evident in screening than in treatment, with RAASi prescribed in
78.9% of patients once albuminuria was identified.

e  Primary care management was the strongest independent predictor of full pathway
completion (OR 4.79, 95% CI 3.45-6.66; p < 0.001); patient demographics and kidney
function were not.

What are the implications of the main findings?

e Care delivery tracked setting rather than patient characteristics, indicating system-
level barriers open to structural intervention.

e  Embedding ACR and HbAlc ordering into default clinical workflows is the most ac-
tionable improvement target.

Abstract

Background: Diabetic kidney disease (DKD) is the leading cause of chronic kidney disease
and end-stage renal disease worldwide. Despite robust evidence-based guidelines, real-
world adherence to recommended preventive care remains inadequate. Most prior eval-
uations have focused on individual care components rather than comprehensive compo-
site care delivery. Methods: A retrospective cross-sectional study of 1010 adult patients
with diabetes attending outpatient clinics at King Abdulaziz Medical City, Ministry of
National Guard Health Affairs (MNGHA), Jeddah, Saudi Arabia. Full guideline-concord-
ant care (GCC) was defined as composite completion of HbAlc monitoring, albuminuria
screening using the urine albumin-to-creatinine ratio (ACR), and renin-angiotensin-al-
dosterone system inhibitor (RAASi) use among patients with detected albuminuria. Mul-
tivariable logistic regression (1 = 1007) identified independent predictors of full GCC. Re-
sults: Only 22.7% (95% CI: 20.1-25.3%) of patients achieved full GCC. Partial care was the
most common pattern (46.2%), followed by no care (20.7%) and near-complete care
(10.4%). HbAlc testing was performed in 55.0% and albuminuria screening in 49.3% of
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patients. Among those with detected albuminuria, RAASi therapy was prescribed in
78.9%. Primary care management (OR 4.79, 95% CI 3.45-6.66; p < 0.001) and hypertension
(OR 2.00, 95% CI 1.33-3.00; p = 0.001) were independently associated with full GCC. Age,
gender, kidney function, and cardiac disease were not significant predictors. Conclusions:
Substantial gaps exist in guideline-recommended DKD care, driven primarily by screen-
ing deficiencies rather than treatment failures. Care delivery is influenced more by
healthcare setting than by patient characteristics, highlighting the need for system-level
interventions targeting detection infrastructure across all care settings.

Keywords: diabetic kidney disease; chronic kidney disease; guideline-concordant care;
albuminuria screening; RAAS inhibitors; quality of care; care cascade; Saudi Arabia

1. Introduction

Diabetic kidney disease (DKD) is the most common cause of chronic kidney disease
(CKD) globally and accounts for approximately 40% of all cases of end-stage renal disease
(ESRD) [1]. It is a serious microvascular complication of both type 1 and type 2 diabetes
mellitus, characterised by progressive albuminuria and declining glomerular filtration
rate, ultimately leading to kidney failure, cardiovascular morbidity, and premature mor-
tality [2]. The global burden of DKD has expanded in parallel with the worldwide diabetes
epidemic, with significant implications for healthcare systems, particularly in regions
with high diabetes prevalence such as the Arabian Gulf [3].

Saudi Arabia faces one of the highest burdens of type 2 diabetes globally, with a na-
tional prevalence exceeding 18% in adults [4]. This creates an urgent need for effective
early detection and management of DKD in order to slow disease progression and reduce
the downstream burden on renal replacement therapy services. International clinical prac-
tice guidelines from the Kidney Disease: Improving Global Outcomes (KDIGO) organisa-
tion and the American Diabetes Association (ADA) provide clear, evidence-based recom-
mendations for the management of DKD. These include annual monitoring of glycated
haemoglobin (HbAlc), routine screening for albuminuria using the urine albumin-to-cre-
atinine ratio (ACR), and initiation of renin-angiotensin—aldosterone system (RAAS) in-
hibitors in patients with detected albuminuria to reduce the rate of kidney function de-
cline and cardiovascular risk [5,6].

Despite the strength of these recommendations and their endorsement across major
guidelines, real-world adherence to guideline-recommended care in DKD remains con-
sistently suboptimal. Studies from diverse healthcare settings have documented signifi-
cant gaps in albuminuria screening rates, HbAlc monitoring, and appropriate pharmaco-
logical management [7,8]. These deficiencies translate into missed opportunities for early
intervention and potentially avoidable progression to advanced kidney disease. However,
most prior studies have examined individual care components in isolation rather than
evaluating the delivery of comprehensive, composite care, limiting the ability to identify
patients who are receiving fully adequate management.

Furthermore, the factors associated with guideline adherence in DKD are incom-
pletely understood, particularly in non-Western healthcare contexts. Patient-level factors
such as age, sex, and comorbidities, as well as system-level factors including care setting
and provider type, may differentially influence whether patients receive recommended
care. Understanding these drivers is essential for designing targeted quality improvement
interventions [9].

The present study addresses these gaps by evaluating the prevalence of composite
guideline-concordant care (GCC)—encompassing HbAlc monitoring, albuminuria
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screening, and RAASi use—in a large cohort of patients with diabetes attending a tertiary
healthcare centre in Jeddah, Saudi Arabia. We also sought to identify patient- and system-
level predictors of full GCC delivery using multivariable logistic regression, with the aim
of informing locally relevant quality improvement strategies. This study represents a sec-
ondary analysis of a dataset from a previously published observational study conducted
at the same institution [10].

2. Methods
2.1. Study Design and Setting

This retrospective cross-sectional study was conducted at King Abdulaziz Medical
City, Ministry of National Guard Health Affairs (MNGHA), Jeddah, Saudi Arabia.
MNGHA is a comprehensive tertiary healthcare system delivering care across primary,
secondary, and tertiary levels. Data were derived from a secondary analysis of an Institu-
tional Review Board-approved dataset (Study No. SP16/208/]), approved by the King Ab-
dullah International Medical Research Center (KAIMRC). The KAIMRC Institutional Re-
view Board reviewed and granted ethical approval for the study (Study No. SP16/208/]).
Informed consent was waived due to the retrospective and fully anonymised nature of
the data. Data for the study were assembled over two collection phases. An initial sample
accrued through 2018 was limited in size and was subsequently augmented by a second
phase of 568 additional patients collected after the COVID-19 pandemic, once pandemic-
related disruption to routine outpatient attendance had resolved. The full analytic cohort
therefore spans two calendar periods, 2016-2018 and 2021-2023. The present analysis pur-
sued a distinct research objective focused on composite GCC and its associated factors,
which were not addressed in the original published study [10]. Specifically, the present
analysis draws on the same institutional cohort and the same underlying care-process
variables (HbAlc testing, ACR screening, and RAASi prescription) as the earlier report;
however, whereas that report described the rate of each process individually, the current
study newly derives a composite full-GCC outcome and models its patient- and system-
level correlates, analyses that do not overlap with the prior publication.

2.2. Study Population

Adult patients (=18 years) with an established diagnosis of diabetes mellitus who
were attending outpatient care in primary healthcare, general internal medicine, or endo-
crinology clinics within MNGHA were eligible for inclusion. Patients were required to
have documented clinical follow-up and available laboratory data. Exclusion criteria in-
cluded: established CKD under active nephrology care, advanced kidney dysfunction
(eGFR < 30 mL/min/1.73 m?), patients on renal replacement therapy, kidney transplant
recipients, and pregnant patients. These criteria were designed to focus the analysis on
patients in the early-to-moderate stages of DKD where preventive and monitoring inter-
ventions are most relevant. The study was thus designed to evaluate early DKD detection
and preventive management across the broader diabetes population—including patients
without established nephropathy —rather than the care of advanced or overt DKD; pa-
tients already receiving nephrology care were deliberately excluded. The relatively pre-
served mean kidney function of the cohort reflects this intended focus on screening and
early intervention rather than any limitation of case ascertainment.
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2.3. Data Collection

Data were extracted retrospectively from electronic medical records using a stand-
ardised collection form developed for the original study protocol. Variables included: de-
mographic characteristics (age, gender), clinical comorbidities (hypertension, cardiac dis-
ease), care setting (primary versus tertiary care), laboratory values (HbAlc, eGFR, urine
ACR), and process-of-care documentation (HbAlc testing, albuminuria screening, RAASi
prescription).

2.4. Definition of Guideline-Concordant Care

A composite measure of guideline-concordant care (GCC) was constructed based on
established guideline recommendations for DKD management [5,6]. The composite in-
cluded three components: (1) HbAlc monitoring —documentation of at least one HbAlc
measurement during the follow-up period; (2) albuminuria screening —documentation of
urine ACR measurement; and (3) RAASi use—prescription of an angiotensin-converting
enzyme inhibitor (ACEi) or angiotensin receptor blocker (ARB) among patients with al-
buminuria detected on available ACR testing (ACR >3 mg/mmol, equivalent to >30 mg/g).
Full GCC was defined as achievement of all applicable components, yielding a binary
outcome (full care vs. not full care) for analysis. Applicability was assigned per patient:
HbA1c monitoring and ACR screening applied to all patients, whereas the RAASi com-
ponent applied only to patients in whom albuminuria was detected. Patients without de-
tected albuminuria were therefore eligible for full GCC on the basis of completed HbAlc
monitoring and ACR screening alone, whereas patients who were not screened for albu-
minuria could not meet the composite. Consistent with this scheme, the 229 patients clas-
sified as receiving full GCC comprised 149 patients without detected albuminuria (HbAlc
and ACR both completed) and 80 patients with detected albuminuria who additionally
received RAASI therapy. RAASI therapy was selected as the pharmacological indicator of
treatment because it has been a cornerstone guideline recommendation for over two dec-
ades, allowing consistent evaluation across the study period. Newer agents, including
SGLT?2 inhibitors and non-steroidal mineralocorticoid receptor antagonists, were not in-
corporated into the composite because their guideline adoption occurred unevenly across
the two collection periods, whereas RAASi therapy remained a stable and universally rec-
ommended cornerstone of albuminuric DKD management throughout; restricting the
pharmacological component to RAASi therefore allowed a single, consistent treatment
criterion to be applied uniformly across the entire study span.

2.5. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics (version 26, IBM Corp.,
Armonk, NY, USA). Continuous variables were expressed as mean + standard deviation
(SD) and compared between groups using independent-samples t-tests. Categorical vari-
ables were summarised as frequencies and percentages and compared using chi-square
tests, with Fisher’s exact test applied where appropriate for 2 x 2 tables. A multivariable
logistic regression model was constructed to identify factors independently associated
with full GCC. Covariates entered into the model included: age (per 10-year increment),
gender (female vs. male), care level (primary vs. tertiary), hypertension (yes vs. no), car-
diac disease (yes vs. no), and eGFR (per 10 mL/min/1.73 m? increment). Results were ex-
pressed as odds ratios (OR) with 95% confidence intervals (CI). Three cases with missing
covariate data were excluded from the regression model, leaving 1007 patients in the mul-
tivariable analysis. Model calibration was assessed with the Hosmer—Lemeshow good-
ness-of-fit test, and explanatory power with Nagelkerke R2. A two-sided p-value < 0.05
was considered statistically significant.
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3. Results

3.1. Baseline Characteristics

A total of 1010 patients were included. The mean age was 61.9 + 12.0 years, and 57.6%
were female. Hypertension was present in 72.8% and cardiac disease in 14.2% of the co-
hort. Primary care was the managing setting for 30.0% of patients. The mean eGFR was
88.0 + 18.2 mL/min/1.73 m? and the mean HbA1lc was 7.92 + 1.70%. Baseline characteristics
stratified by GCC status are presented in Table 1.

Patients who achieved full GCC did not significantly differ from those who did not
in terms of age (62.4 = 10.8 vs. 61.8 + 12.4 years; p = 0.517), eGFR (86.5 + 18.1 vs. 88.4 + 18.3
mL/min/1.73 m?; p =0.157), or ACR (p =0.789). Female patients were less likely to achieve
full GCC compared to males (119/582, 20.4% vs. 110/428, 25.7%; Pearson chi-square p =
0.049; Fisher’s exact p = 0.057), a difference of borderline statistical significance. Patients
managed in primary care were significantly more likely to receive full GCC (126/303,
41.6%) than those managed in tertiary care (103/707, 14.6%; p < 0.001). Hypertension was
more prevalent among those achieving full GCC (78.2% vs. 71.2%; p = 0.037). Patients with
full GCC had significantly lower mean HbAlc (7.67 + 1.51% vs. 8.09 + 1.80%; p = 0.004).

Table 1. Baseline characteristics by guideline-concordant care status.

Overall (n= Full GCC Not Full GCC

Variable 1010) (1 = 229) (1= 781) p-Value
Age, years, mean + SD 61.9+120 624+10.8 61.8+124 0.517
Female gender, 1 (%) 582 (57.6) 119 (52.0) 463 (59.3) 0.049
Primary care setting, n (%) 303 (30.0) 126 (55.0) 177 (22.7) <0.001
Hypertension, n (%) 735 (72.8) 179 (78.2) 556 (71.2) 0.037
Cardiac disease, 1 (%) 143 (14.2) 27 (11.8) 116 (14.9) 0.242

eGFR, mL/min/1.73 m2, mean+SD 88.0+18.2 86.5+18.1 88.4+£18.3 0.157
ACR, mg/mmol, mean + SD * 757+18.64 7.81+17.60 7.36+19.51 0.789
HbAlc, %, mean +SD * 792+170 7.67+1.51 8.09 +£1.80 0.004

Data are presented as mean + SD or number (%). Comparisons by independent samples f-test or chi-

square test as appropriate. * HbAlc and ACR values reported among patients with available meas-
urements only. SD: standard deviation; eGFR: estimated glomerular filtration rate; ACR: albumin-

to-creatinine ratio; HbAlc: glycated haemoglobin; GCC: guideline-concordant care.

3.2. Distribution of Guideline-Concordant Care

Overall, only 22.7% (95% CI: 20.1-25.3%) of patients achieved full GCC across all ap-
plicable care components. The majority (77.3%, 95% CI: 74.7-79.9%) had at least one
missed component. Partial care was the most common pattern, observed in 46.2% (95%
CI: 43.1-49.3%) of patients. A further 20.7% (95% CI: 18.2-23.2%) received none of the
evaluated care processes, while 10.4% (95% CI: 8.5-12.3%) achieved near-complete care
with one missed component.

3.3. Adherence to Individual Components of Care

HbA1c monitoring was documented in 55.0% (95% CI: 51.9-58.1%) of the overall cohort,
while albuminuria screening with ACR was performed in 49.3% (95% Cl: 46.2-52.4%). Among
the 498 patients with available albuminuria data, 37.1% (95% CI: 32.8-41.4%) had detected
albuminuria. Of those with detected albuminuria (n = 185), 78.9% (95% CI: 73.0-84.8%) were
receiving RAASi therapy. These figures are summarised in Table 2. These data demonstrate
that deficiencies in guideline adherence are concentrated at the screening level, whereas treat-
ment uptake among those already identified as high-risk is comparatively robust.
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Table 2. Adherence to individual components of guideline-concordant care (n = 1010).
Care Process Component n/N Proportion, % (95% CI)
HbA1lc monitoring 555/1010 55.0 (51.9-58.1)
Albuminuria (ACR) screening 498/1010 49.3 (46.2-52.4)
Albuminuria detected (ACR 2 3 mg/mmol) * 185/498 37.1(32.8-41.4)
RAASi use among albuminuric patients t 146/185 78.9 (73.0-84.8)
Full GCC achieved 229/1010 22.7 (20.1-25.3)

Variable

* Calculated among patients with available ACR testing (1 = 498). t Calculated among patients with
detected albuminuria (n = 185). RAASI: renin-angiotensin—aldosterone system inhibitors (ACE in-
hibitors or angiotensin receptor blockers); ACR: albumin-to-creatinine ratio; GCC: guideline-con-

cordant care; CI: confidence interval.

3.4. Factors Associated with Full Guideline-Concordant Care

Results of the multivariable logistic regression analysis, conducted among 1007 pa-
tients with complete covariate data, are illustrated in Figure 1. Age (per 10-year increase:
OR 0.99, 95% C10.83-1.17; p = 0.893), gender (OR 0.75, 95% CI 0.55-1.02; p = 0.070), cardiac
disease (OR 0.73, 95% CI 0.45-1.20; p = 0.216), and eGFR (OR 0.91, 95% CI 0.82-1.02 per 10
mL/min/1.73 m?; p = 0.102) were not independently associated with achieving full GCC.

In contrast, care level and hypertension were significant independent predictors. Pa-
tients managed in primary care had nearly five-fold higher odds of receiving full GCC
compared with those in tertiary care (OR 4.79, 95% CI 3.45-6.66; p < 0.001). Hypertension
was also independently associated with full GCC (OR 2.00, 95% CI 1.33-3.00; p = 0.001).
The model showed acceptable calibration (Hosmer-Lemeshow p = 0.588) with modest ex-
planatory power (Nagelkerke R?=0.15).

Age (per 10-year increase)

Gender (female vs. male)

eGFR (per 10 mL/min/1.73 m?)

Cardiac disease

Hypertension

Care level (primary vs. tertiary) 4.79 (3.45-6.66)

OR (95% CI) p-value
0.99 (0.83-1.17) » 0.893
1
0.75 (0.55-1.02) | 0.070
0.91 (0.82-1.02) ql 0.102
1
0.73 (0.45-1.20) IQE-I 0.216
2.00 (1.33-3.00) | —— 0.001
1
| —e— <0.001
1
0o 1 2 3 4 5 6 7
Odds ratio (adjusted)
Favours no care Favours full care

Figure 1. Factors associated with full guideline-concordant care (forest plot of adjusted odds ratios).
Forest plot of adjusted odds ratios (OR) with 95% confidence intervals (CI) from multivariable lo-
gistic regression. The dependent variable was full guideline-concordant care. Tertiary care was the
reference category for care level. Age and eGFR were modelled per 10-unit increase. The arrow for
care level indicates that the upper confidence limit (6.66) extends beyond the axis. OR: odds ratio;

CI: confidence interval; eGFR: estimated glomerular filtration rate.

4. Discussion

This real-world study demonstrates that comprehensive, guideline-concordant care
for DKD is achieved in fewer than one-quarter of patients with diabetes managed at a
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large tertiary healthcare system in Saudi Arabia. This finding underscores a substantial
quality gap in the delivery of care to a high-risk population, and extends prior work by
quantifying adherence using a composite measure that simultaneously evaluates moni-
toring, screening, and treatment. Whereas the original study at this institution reported
individual care component rates in isolation [10], the present analysis reframes the ques-
tion around integrated pathway completion. This reframing reveals a clinically actionable
finding: treatment uptake is relatively preserved once patients are identified (RAASi in
78.9% of albuminuric patients), shifting the primary intervention target from prescribing
behaviour to detection infrastructure. The multivariable analysis of composite GCC and
its system-level correlates was not examined in the prior publication.

The low rates of HbAlc monitoring (55.0%) and albuminuria screening (49.3%) ob-
served in this study are consistent with findings from other healthcare settings. A large
multicentre analysis similarly reported that fewer than half of patients with type 2 diabe-
tes completed guideline-recommended albuminuria testing in primary care [7]. Similarly,
a large national general-practice study reported that fewer than half of adults with diabe-
tes had their HbAlc assessed over a 12-month period [11]. The identification that screen-
ing gaps—rather than treatment deficiencies—are the primary driver of incomplete GCC
in our cohort is clinically significant. Among patients who were screened and found to
have albuminuria, RAASi therapy was prescribed in 78.9%, indicating that when high-
risk patients are identified, treatment is relatively well implemented. This suggests that,
although both accurate detection and appropriate treatment are essential to the manage-
ment of diabetes and DKD, the greater opportunity for improvement in this cohort lies at
the detection (screening) stage rather than in prescribing behaviour. This inference applies
specifically to patients who were screened and identified as albuminuric; because more
than half of the cohort did not undergo ACR testing, some unscreened patients may have
had undetected albuminuria and correspondingly missed treatment, so the apparent
preservation of treatment uptake should be read as conditional on detection rather than
as evidence of uniformly adequate prescribing.

The most striking predictor of full GCC in our cohort was care setting. Patients man-
aged in primary care had nearly five-fold higher odds of achieving full GCC compared
with those in tertiary care clinics. This finding is counterintuitive given the perception that
specialist care provides more comprehensive management. However, we hypothesise that
it reflects the structure of primary care at MNGHA, where standardised chronic disease
management protocols —including periodic HbAlc and ACR monitoring —are embedded
into routine follow-up workflows for patients with diabetes. Because workflow-level var-
iables were not captured in this dataset, this explanation is advanced as a hypothesis ra-
ther than a demonstrated mechanism [12]. Tertiary clinics, by contrast, may focus on spe-
cific clinical problems at the time of referral without systematically ensuring completion
of all guideline-recommended screening components. This observation aligns with evi-
dence from other settings demonstrating that structured primary care approaches outper-
form specialist-based episodic care for the delivery of preventive services in chronic dis-
ease [13].

The association between hypertension and full GCC is also noteworthy. Patients with
hypertension had double the odds of receiving complete guideline-directed care. This
likely reflects greater clinical engagement and more frequent monitoring in patients with
multiple comorbidities who are already established on antihypertensive medications—
many of which are RAASi—and who require more structured follow-up. The co-manage-
ment of hypertension in patients with diabetes may serve as a proxy for more systematic
disease management, which also encompasses DKD-related care processes [14].

In contrast to care setting and hypertension, patient-level factors including age, gen-
der, eGFR, and cardiac disease were not independently associated with GCC. This finding
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suggests that the observed gaps in care reflect systemic or structural barriers within the
healthcare delivery environment rather than differential provider behaviour based on pa-
tient characteristics. From an equity standpoint, this is somewhat reassuring, indicating
that patients are not systematically receiving lower-quality care based on demographics.
However, the borderline association between female gender and lower rates of full GCC
(Pearson p = 0.049; Fisher’s exact p = 0.057 in univariable analysis; OR 0.75, p = 0.070 in
multivariable analysis) warrants further investigation in larger studies.

The overall low Nagelkerke R? of 0.15 indicates that the variables included in our
model explain only a modest proportion of the variability in GCC delivery. This suggests
that other unmeasured factors—such as physician knowledge and awareness, clinical
workflow design, availability of clinical decision support tools, patient health literacy and
engagement, and organisational priorities—likely play important roles [15]. Future stud-
ies should incorporate these factors to develop more comprehensive explanatory models
of care quality in DKD.

The implications of these findings for quality improvement are clear. Given that care
setting is the dominant modifiable predictor of GCC, system-level interventions are likely
to yield the greatest impact. Implementation strategies such as electronic health record
(EHR)-embedded clinical decision support tools that prompt ordering of HbAlc and ACR
tests, registry-based chronic disease monitoring programmes, and performance dash-
boards with feedback to clinicians have demonstrated efficacy in improving guideline ad-
herence in DKD and related conditions [16,17]. Extending structured primary care proto-
cols to tertiary clinic environments —or implementing integrated care models—may help
reduce the disparity in care delivery observed between settings in this study.

Strengths and Limitations

This study has several strengths, including a large well-characterised cohort, the use
of a composite GCC measure that captures the full care pathway, and multivariable anal-
ysis to adjust for potential confounders. The real-world, single-centre design provides rel-
evant insights into care delivery at a major healthcare system serving a predominantly
Saudi population. However, several limitations should be acknowledged. As a cross-sec-
tional analysis based on retrospective chart review, causal inferences cannot be drawn.
The study was conducted at a single tertiary centre, which may limit generalisability. It is
possible that some screening or monitoring was performed at external facilities and not
captured in the electronic records, potentially leading to underestimation of true adher-
ence rates. The dataset did not include information on patient-reported factors such as
health literacy, clinic attendance, or socioeconomic status, which may confound care de-
livery. Other potentially important confounders—including diabetes duration and type,
number of clinic visits, reason for tertiary referral, disease complexity, and contraindica-
tions to or intolerance of RAASi therapy —were likewise not captured, so residual con-
founding of the care-setting association cannot be excluded. The treatment component
was restricted to RAASi therapy, as the adoption of SGLT?2 inhibitors and non-steroidal
MRAs occurred unevenly across the two collection periods; future studies should incor-
porate these newer agents. Finally, the original dataset was collected under a protocol
approved in 2016 and care practices may have since evolved with updated guidelines and
quality improvement initiatives. In addition, because the cohort was assembled across
two collection periods, documentation completeness differed between phases, with less
complete process documentation in the earlier phase; this may have led to underestima-
tion of care delivery in that subset and should be borne in mind when interpreting the
pooled estimates. Finally, albuminuria was based on available ACR values without a man-
dated repeat measurement, so transient causes of albuminuria cannot be fully excluded.
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5. Conclusions

This study identifies substantial and clinically meaningful gaps in the delivery of
comprehensive guideline-concordant care for DKD in a tertiary healthcare setting in Saudi
Arabia. Only 22.7% of patients achieved full guideline-directed care, with deficiencies
concentrated at the screening level rather than in pharmacological treatment. Primary care
management and hypertension were the dominant independent predictors of full GCC,
while patient demographics and kidney function were not significant drivers. These find-
ings highlight the strong association between care setting and the quality of DKD man-
agement; because the analysis is cross-sectional, these associations should not be inter-
preted as demonstrating that system design causally determines care quality. System-
level interventions— particularly those that embed standardised monitoring protocols
into clinical workflows across all care settings —represent the most promising strategy for
improving GCC delivery, reducing avoidable DKD progression, and alleviating the long-
term burden of end-stage renal disease in this population.

Author Contributions: A.H.A.: Conceptualisation, methodology, formal analysis, writing —original
draft, writing—review and editing, supervision. M.A. (Majed Alharthi): Critical review of the man-
uscript for important intellectual content. A.M. (Ahmad Makeen): Concept and design, critical re-
view of the manuscript for important intellectual content. M.E.B., A.M. (Ashraf Marwan), EK., S.D.,
T.B., M.A. (Muhammad Awais), R.B.: Data curation and writing—review and editing. L.F.S.: Data
curation, supervision, writing—review and editing. All authors have read and agreed to the pub-

lished version of the manuscript.
Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved on 2 October 2016 by the Institu-
tional Review Board King Abdullah International Medical Research Center (KAIMRC) (approval
no. SP16/208/)).

Informed Consent Statement: The requirement for individual informed consent was waived in ac-
cordance with the Declaration of Helsinki and standard international guidance for retrospective
research involving de-identified health records (45 CFR 46.116; CIOMS guidelines).

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and ethical restrictions, as
they comprise de-identified patient-level clinical records governed by the institutional data govern-
ance regulations of KAIMRC and the Ministry of National Guard Health Affairs, under which the
study was approved (IRB SP16/208/]).

Acknowledgments: The authors acknowledge the support of King Abdulaziz Medical City, Minis-
try of National Guard Health Affairs, Jeddah, and the King Abdullah International Medical Re-
search Center (KAIMRC) for facilitating access to the study data.

Conflicts of Interest: The authors declare no conflicts of interest.

Alicic, R.Z.; Rooney, M.T.; Tuttle, K.R. Diabetic kidney disease: Challenges, progress, and possibilities. Clin. J. Am. Soc. Nephrol.

Pan, C; Cao, B.; Fang, H.; Liu, Y.; Zhang, S.; Luo, W.; Wu, Y. Global burden of diabetes mellitus 1990-2021: Epidemiological
trends, geospatial disparities, and risk factor dynamics. Front. Endocrinol. 2025, 16, 1596127.

References
1.
2017, 12, 2032-2045.
2.
3.

Al-Rubeaan, K.; Al-Manaa, H.A; Khoja, T.A.; Ahmad, N.A.; Al-Sharqawi, A.H.; Siddiqui, K.; Alnageb, D.; Aburisheh, K.H.;
Youssef, A.M.; Al-Batil, A.; et al. Epidemiology of abnormal glucose metabolism in a country facing its epidemic: SAUDI-DM
study. J. Diabetes 2015, 7, 622—632.

https://doi.org/10.3390/healthcare14142237



Healthcare 2026, 14, 2237 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

Al-Nozha, M.M.; Al-Maatouq, M.A.; Al-Mazrou, Y.Y.; Al-Harthi, S.S.; Arafah, M.R; Khalil, M.Z.; Khan, N.B.; Al-Khadra, A,;
Al-Marzouki, K.; Nouh, M.S.; et al. Diabetes mellitus in Saudi Arabia. Saudi Med. ]. 2004, 25, 1603-1610.

ElSayed, N.A.; Aleppo, G.; Aroda, V.R.; Bannuru, R.R.; Brown, F.M.; Bruemmer, D.; Collins, B.S.; Cusi, K.; Das, S.R.; Gibbons,
C.H.; et al. Standards of care in diabetes—2023. Diabetes Care 2023, 46, 19—40.

Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes Work Group. KDIGO 2022 Clinical Practice Guideline for Di-
abetes Management in Chronic Kidney Disease. Kidney Int. 2022, 102, S1-5127.

Stempniewicz, N.; Vassalotti, ].A.; Cuddeback, ] K.; Ciemins, E.; Storfer-Isser, A.; Sang, Y.; Matsushita, K.; Ballew, S.H.; Chang,
AR, Levey, A.S,; et al. Chronic kidney disease testing among primary care patients with type 2 diabetes across 24 U.S. health
care organizations. Diabetes Care 2021, 44, 2000-2009.

Fu, H,; Liu, S.; Bastacky, S.I; Wang, X,; Tian, X.J.; Zhou, D. Diabetic kidney diseases revisited: A new perspective for a new era.
Mol. Metab. 2019, 30, 250-263.

Shlipak, M. Diabetic nephropathy: Preventing progression. BM] Clin. Evid. 2010, 2010, 0606.

Almalki, A.H.; Sadagah, L.F.; Makeen, A.; Balla, M.E.; Alzahrani, M.; Kouther, F.; Aljuffri, A.; Marwan, A.; Kotbi, E.; Dahlan, S.;
et al. The pattern of practice in the management of early diabetic kidney disease. Cureus 2024, 16, e68584.

Zheng, M.; Bernardo, C.; Stocks, N.; Hu, P.; Gonzalez-Chica, D. Diabetes mellitus monitoring and control among adults in
Australian general practice: A national retrospective cohort study. BM] Open 2023, 13, e069875.

Al-Rubeaan, K.; Youssef, A.M.; Subhani, S.N.; Ahmad, N.A.; Al-Sharqawi, A.H.; Ibrahim, H.M. Diabetic nephropathy and its
risk factors in a society with a type 2 diabetes epidemic: a Saudi National Diabetes Registry-based study. PLoS ONE 2014, 9,
e88956.

Wagner, E.H.; Austin, B.T.; Davis, C.; Hindmarsh, M.; Schaefer, J.; Bonomi, A. Improving chronic illness care: Translating evi-
dence into action. Health Aff. 2001, 20, 64-78.

Kovesdy, C.P.; Furth, S.L.; Zoccali, C.; World Kidney Day Steering Committee. Obesity and kidney disease: Hidden conse-
quences of the epidemic. Kidney Int. 2017, 91, 260-269.

National Kidney Foundation. KDOQI Clinical Practice Guideline for Diabetes and CKD: 2012 update. Am. J. Kidney Dis. 2012,
60, 850-886.

Litvin, C.B.; Hyer, ].M.; Ornstein, S.M. Use of clinical decision support to improve primary care identification and management
of chronic kidney disease (CKD). J. Am. Board Fam. Med. 2016, 29, 604-612.

O’Connor, P.J.; Sperl-Hillen, ] M.; Rush, W.A_; Johnson, P.E.; Amundson, G.H.; Asche, S.E.; Ekstrom, H.L.; Gilmer, T.P. Impact
of electronic health record clinical decision support on diabetes care: A randomized trial. Ann. Fam. Med. 2011, 9, 12-21.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/healthcare14142237



