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Abstract:
The purpose of this retrospective, observational pre-post study is to evaluate the association between the implementation of eGFR reporting change practices at UCSF Health with metformin use in adult primary care patients who self-identified as non-African American or African American. Within the retrospective chart review, the primary outcome of interest will be the change in metformin prescribing in patients pre- and post- implementation of eGFR reporting change practices amongst self-identified African American and non-African American patients. Secondary outcomes include comparison between pre- and post- periods of the initiation of nephrology referrals, use of serum Cystatin-C and reason for metformin dose changes. Baseline characteristics collected include age, sex, eGFR, A1C, serum cystatin C, eGFR, body mass index (BMI) and history of comorbid conditions. Inclusion criteria encompasses adult patients (≥18 years) with Type 2 Diabetes who had ≥1 primary care visit at UCSF Health prior to and after the initiation of eGFR reporting change practices (January-June 2019 and January-June 2021) who received ≥1 metformin prescription and ≥1 eGFR value documented. Exclusion criteria include patients who received clinical care at a UCSF Health affiliate site, pregnant patients, and patients <18 years old. 
Research Question:
Was the transition from a race-based eGFR reporting value to non-race based eGFR reporting value in an electronic health record (EHR) system associated with a change in metformin dosing amongst African American patients at UCSF Health clinics?
Specific Aims:
Assess the change in metformin use (dose change or discontinuation) over 12 months divided into two phases: 6 months of pre-intervention from January 2019 to June 2019 and 6 months post-intervention from January 2021 to June 2021 in two patient groups, African American patients and non-African American patients.
Significance:
Glomerular filtration rate (GFR) is a measure of kidney function used to diagnose kidney disease and to guide drug dosing; however, the direct measurement of GFR is cumbersome and not feasible within clinical practice. As a result, the Kidney Disease Improving Global Outcomes (KDIGO) task force recommends using algorithms to generate an estimated GFR (eGFR)1.  Most of the eGFR algorithms include serum creatinine as well as a combination of patient characteristics that correlate with serum creatinine levels. Historically, the Cockcroft and Gault equation was the primary formula utilized to estimate kidney function with the measurement of creatinine clearance however the equation was developed in a small, homogenous patient population (249 self-identified White men) and is no longer recommended 2. The 2009 CKD Epidemiology (EPI) algorithm is an alternative creatinine-based equation recommended by KDIGO for eGFR1,3. The CKD-EPI equation has been found to be more accurate in comparison to outdated formulas and is based on more inclusive study populations that provide greater representation of female sex and racial minorities. However, CKD-EPI incorporates race (African American vs non-African American) as a variable in the eGFR calculation and reports eGFR as two separate values, one for African Americans and another for non-African Americans, which is problematic because the use of race in medicine has become a polarizing topic due to the lack of biological basis in comparison to social constructs behind the incorporation of race in clinical decision making4,5. In recent years, UCSF Health had been using the 2009 CKD-EPI equation. In October of 2020, UCSF Health changed the reporting of eGFR in the electronic health record [EPIC, Verona WI], to remove the African American designation and replaced this with a range indicating a high eGFR and a low eGFR (to be estimated based on clinician-assigned muscle mass). Notably, although race has been removed from reporting of eGFR, race has not been removed from the equation. 
Metformin is the first-line glucose-lowering medication for patients with type 2 diabetes (T2D). It is recommended in major national and international guidelines because of its effectiveness, low cost, and favorable tolerability6. Metformin is cleared primarily by the kidneys and is not recommended in those with eGFR<30 ml/min per 1.73 m2 due to concerns of drug accumulation and case reports of lactic acidosis7. Initiation of metformin is not recommended in patients with eGFR <45 mL/min/1.73 m2 however, continuation of existing therapy is acceptable at a reduced dosing in patients with eGFR between 30-45 mL/min/1.73 m2. Since metformin has defined dosing and discontinuation criteria based on eGFR, it can provide a representative standard for assessing how the updated eGFR values are incorporated into clinical decision-making8.
The new system for reporting eGFR at UCSF Health has the potential to alter prescribing patterns for African American patients. Providers may elect to use the lower reported eGFR value rather than the higher reported eGFR value based upon the replacement of the African American designation with the muscle mass based designation. One potential outcome of this change is that African American patients with diabetes may no longer be eligible for metformin therapy due to a lower eGFR. This is because the historical creatinine-based eGFR equations which incorporated race as a variable, increased eGFR by 16-21% in African American patients compared to non-African Americans4. Specifically, initiation of metformin would be contraindicated in African Americans with an eGFR of < 45 mL/min/1.73 m2, and therapy would be discontinued with an eGFR <30 mL/min/1.73 m2 respectively if a clinician chooses to utilize a low eGFR value among the range of options. However, if a clinician chooses the high eGFR value to inform decision making in metformin prescribing for African Americans or elects not to discontinue metformin despite choosing the lower reported eGFR value, the new eGFR reporting system may not have an impact on metformin prescribing among African American patients. We hypothesize that removing the African American designation from the eGFR in and reporting a high and low eGFR value in October 2020 had no effect on metformin dose adjustments or on metformin use/discontinuation amongst primary care patients at UCSF Health clinics.
Methods:
This is a retrospective pre-post, observational cohort study. The study period will assess the change in metformin use (dose change or discontinuation) over 12 months divided into two phases: 6 months of pre-intervention from January 2019 to June 2019 and 6 months post-intervention from January 2021 to June 2021 within African American patients and non-African American patients.The non-African American patient group will serve as the control group with the assumption that the eGFR reporting change would not make an impact on metformin prescribing due to the lack of racial bias within the previous reporting system for non-African Americans.



Study Subjects:
The study’s target population encompasses adult African American and White self-identifying patients diagnosed with type 2 diabetes and chronic kidney disease. The accessible population for this study includes patients with the previously listed criterion who 1) are patients of UCSF Health primary care clinics, 2) have received a prescription for metformin (regular or sustained release), and 3) have completed laboratory testing for eGFR within the study periods. The study period will assess the change in metformin use (dose change or discontinuation) over 12 months divided into two phases in relation to the reporting change in October 2020: 6 months pre-intervention from January 2019 to June 2019 and 6 months post-intervention from January 2021 to June 2021. The time period was selected to exclude the decline in patient visits and laboratory testing observed during the months of March through August 2020, the height of the global COVID-19 pandemic, and to ensure the study population is generalizable to the target population. The clinical inclusion criteria of the diagnosis of chronic kidney disease and type 2 diabetes was selected to improve the validity of study results by limiting dose adjustments a homogenous population and capturing a subset of patients most likely to experience dose adjustments due to eGFR. The exclusion criteria for the study population includes patients who are <18 years old, pregnant, or have a documented allergy/contraindication to metformin. The decision to exclude patients <18 years old and pregnant patients is due to the variable pharmacokinetic changes that result in the exclusion of the utility of CKD-EPI eGFR algorithm with pediatrics and pregnancy. The selected sample population will be extracted retrospectively from APeX reports of UCSF Health primary care clinics. A potential limitation of the study is the effect of the COVID-19 pandemic on the cohort size, therefore our team does not intend to perform sampling to the accessible study population. 

Measurements:
All data elements will be abstracted from the ApEX reports and chart review. The primary predictor of the study is race (African American versus non-African American. The primary outcome includes adjustments in metformin dosing and/or discontinuation of metformin after the eGFR reporting change from the previous designations of African American and non-African American towards High and Low eGFR (based on muscle mass). The effect of the predictor on the primary outcome is based upon the selected time frame we are analyzing patients relative to the implementation of the reporting change. The primary outcome will be measured as categorical variables by analyzing whether there a dose adjustment (increase or reduction) of metformin or discontinuation occurred within an encounter. In order to reduce the likelihood of observer variability, data collection will be limited to study investigators and trained pharmacy students under the supervision of the study investigators. The previously described inclusion and exclusion criteria will be utilized to reduce subject variability. Additionally, data to be collected include age, sex assigned at birth, eGFR, A1C (to proxy T2D severity), serum cystatin C, body mass index (BMI), planned contrast-based imaging, history of comorbid conditions (i.e., hypertension, congestive heart failure, hypoglycemia, acidosis, myocardial infarction, liver disease, and AKI). In each 6-month period, the most recent measured outpatient eGFR will be used (based on the CKD-EPI 2009 equation). eGFR values will be categorized into four groups (>60 mL/min, 45–59 mL/min, 30–44 mL/min; 20-29 mL/min) according to the KDIGO guidelines.

Statistical Analysis:

My study will be using the Chi squared test for my primary outcome. My predictor is African American race vs non-African American and my primary outcome of changes in metformin dosing is dichotomous.

We hypothesize that there will be no change in metformin dosing in African American patients with the transition from a race-based reporting system for eGFR in comparison to a non-race based eGFR reporting system.

My estimated sample size is n=314 with each group having 157 participants in order to have a two-sided alpha of 0.05, beta of 0.2. This will provide the study 80% power to detect an absolute difference of 15% in metformin dose adjustments between patient groups pre- and post-eGFR reporting change. This was determined with an assumption that the baseline proportion of patients with chronic kidney disease within the general population who will have a metformin dose adjustment is 78% based on a retrospective cohort study analyzing the proportion of patients with CKD who require dose adjustment of medications used for the management of type 2 diabetes8.
 
Potential Confounders:
Variables that may potentially confound my study include the population’s comorbidities, severity of hyperglycemia, addition of other diabetes agents, medication adherence, stage of chronic kidney disease, incidence of adverse effects, and individual provider’s prescribing patterns. This will be accounted for by a sub-group analysis of patients based on CKD stage and form of metformin dose adjustment. Additionally, to account for these confounding factors, patients will be matched pre- and post-study. A multivariate ANCOVA analysis to address for the influence of these confounders in both the pre- and post-period.


Ethical Considerations:
The data collected will be retrospective data present within the patient’s medical record. This data will be de-identified prior to data collection. 
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