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Objective

Determine differences in utilization patterns, disease severity, and outcomes between patients with and without diabetes mellitus diagnosed with COVID-19 in 2020



Research Design and Methods

We used an observational cohort comprised of Medicare fee-for-service beneficiaries with a medical claim indicating a COVID-19 diagnosis. We performed inverse probability weighting between beneficiaries with and without diabetes to account for differences in socio-demographic characteristics and comorbidities.



Results

In the unweighted comparison of beneficiaries, all characteristics were significantly different (P<0.001). Beneficiaries with diabetes were younger, more likely to be black, had more comorbidities, higher rates of Medicare-Medicaid dual-eligibility, and were less likely to be female. In the weighted sample, hospitalization rates for COVID-19 among beneficiaries with diabetes was higher (20.5% vs 17.1%; p < 0.001). Outcomes of hospitalizations were similarly worse among beneficiaries with diabetes: admissions to ICU during hospitalizations (7.78% vs. 6.11%; p < 0.001); in-hospital mortality (3.85% vs 2.93%; p < 0.001); and ICU mortality (2.41% vs 1.77%). Beneficiaries with diabetes had more ambulatory care visits (8.9 vs. 7.8, p < 0.001) and higher overall mortality (17.3% vs. 14.9%, p < 0.001) following COVID-19 diagnosis.



Conclusion

Beneficiaries with diabetes and COVID-19 had higher rates of hospitalization, ICU use and overall mortality. While the mechanism of how diabetes impacts the severity of COVID-19 may not be fully understood, there are important clinical implications for persons with diabetes. A diagnosis of COVID-19 leads to greater financial and clinical burden than for their counterparts, persons without diabetes, including perhaps most significantly, higher death rates.
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Introduction

The current COVID-19 pandemic, caused by infection and sequelae of the SARS-CoV-2 virus, continues to pose human health risks and threats. Surveillance of the demographic characteristics and outcomes of the Medicare population diagnosed with COVID-19 is important for understanding the epidemiology of the disease given that 78% of COVID-19 mortality, or 559,309 of 721,465 deaths reported through 14 October 2021, in the US have occurred in individuals over 65 (1). As of May 21, 2021 the Centers of Medicare and Medicaid Services reported that rural areas, females, and Medicare-Medicaid dual-eligible beneficiaries are disproportionately impacted by COVID-19 (1).

A cohort study in Louisiana found that a disproportionate number of patients dying in the hospital from COVID-19 were black, but that race did not appear to be as significant a predictor of mortality from COVID-19 as originally reported (2). Similar results were found in a nationwide study comparing black Medicare beneficiaries to white beneficiaries (3). Dementia, disproportionately prevalent in Black, Hispanic, and female Medicare beneficiaries, has been linked with the highest rates of infection and mortality among Medicare beneficiaries (4).

Perhaps the most prevalent comorbid condition that impacts the pathway to recovery for patients diagnosed with COVID-19 is diabetes mellitus (5–7). Diabetes affects 10.5% of the US population and in 2019 was responsible for 87,647 deaths (2). Furthermore, several meta-analyses have found the prevalence rate of diabetes in patients with COVID-19 to be slightly higher, ranging from 11.5%-31% (8–10)., which may be due to an increased susceptibility to COVID-19 among diabetics (11). Diabetes and hypertension (a common predictor and exacerbator of diabetes) were the two most common comorbidities found in the study of the impact of COVID-19 on demented patients (4). Clinical data from across the world suggests people with diabetes experience 2-3 times more severe clinical outcomes including hospitalizations and death with a COVID-19 diagnosis (5, 10). Understanding the impact of diabetes on older COVID-19 patients living in the United States (U.S.) is therefore important to develop future pathways of prevention and treatment in this vulnerable population.

We report an analysis of a nationwide cohort of U.S. Medicare beneficiaries with and without diabetes diagnosed with COVID-19 during 2020. We analyze the impact on disease trajectories (utilization and outcomes) in beneficiaries with and without diabetes, before and after adjusting for socio-demographic characteristics and comorbidities. The COVID-19 vaccine became available in December 2020 (12). Therefore, looking at all the diagnosed population and their utilization patterns and outcomes in 2020 will provide a comprehensive picture of the disease trajectory among Medicare beneficiaries throughout the country prior to widespread vaccination in Medicare populations with and without diabetes.



Research Design and Methods


Data Source, Study Population, and Covariates

We conducted an observational cohort study using a complete national sample of beneficiaries with 12 months of enrollment in fee-for-service (FFS) Medicare during 2020. If a beneficiary turned 65 during 2020, they needed to have consistent FFS Medicare enrollment from the month of their date of birth through the end of the year. Conversely, any beneficiary who died during 2020 need to have consistent enrollment from January through their month of death to be included in the FFS cohort. We included all FFS patients who were newly diagnosed with COVID-19andwere U.S. residents 65 or older at the time of diagnosis. We did not include Medicare Advantage patients. We excluded patients younger than 65 since their basis for Medicare eligibility is due to disability or End-stage Renal Disease making these populations significantly different from the aged Medicare population.

We gathered baseline health characteristics from the 2020 Medicare claims data, including patient-level comorbidities identified using the Elixhauser Comorbidity Software developed by the Agency for Healthcare Research and Quality (AHRQ) as part of the Healthcare Cost and Utilization Project (HCUP). Our main exposure variable of interest, diabetes mellitus, was identified using the Elixhauser algorithm (13, 14). We used the Medicare Master Beneficiary Summary File (MBSF) to determine each patient’s sex, race, age at diagnosis, Medicare-Medicaid dual-eligibility status, and ZIP code. The ZIP code was then used to establish rurality (urban vs. rural), Census region, and median household income (15).



Outcome Measures

We identified outcomes for the cohort for the remainder of 2020 following their index COVID-19 diagnosis. Outcomes studied included total number of hospitalizations to an acute care or critical access hospital with a primary diagnosis of COVID-19, number of intensive care unit (ICU) admissions, number of ambulatory care visits, average spending on COVID-19 related hospitalizations, prescriptions for drugs commonly used to treat COVID-19, and death (in hospital, in the ICU, and overall). Death dates were obtained from the Medicare MBSF while ambulatory care visits were determined using Current Procedure Terminology codes 99202-99499 in the Part B and Outpatient files. Hospitalizations, ICU visits, and ICU deaths were determined using the Inpatient Claim and Revenue Center files, with revenue center codes 0200-0209 used to determine ICU use. To calculate average spending, we used the methods in the codebook for the Medicare Inpatient file, which involves multiplying the daily per diem amount by the number of Medicare-covered days and then adding result to the claim payment amount (16). The list of drugs used for treatment of COVID-19 included prescription fills from the Medicare Part D data for dexamethasone, hydroxychloroquine, interferon, ivermectin, lopinavir/ritonavir, and tocilizumab.



Statistical Analysis

We applied traditional statistical methods to describe the demographic and health characteristics of the cohort, including means and standard deviations for continuous variables (spending on COVID-19 related hospitalizations, median household income, and comorbidity count), and counts and percentages for categorical variables (age categories, sex, race, diabetes status, Medicare-Medicaid dual-eligibility status, urban/rural indicator, and all outcomes).

We then calculated an inverse probability weights (IPW) to control for confounding. The process of creating IPWs involved applying a logistic regression, with the exposure, diabetes status, regressed on the following covariates: 1. baseline demographic characteristics including the patient’s age at diagnosis; 2. sex; 3. race; 4. Medicare-Medicaid dual-eligibility status; 5. rural or urban residence; 6. census region; and 7. individual disease flags given by the Elixhauser Comorbidity definitions (excluding diabetes). The inverse of the predicted probability of diabetes from this regression was used to calculate an IPWforeach patient. To confirm that the IPWs created covariate balance, the weights were used in comparing the exposed and unexposed group with respect to baseline demographics and comorbidities, with standardized mean differences (SMD) used to assess balance. These IPWs were applied when comparing outcomes across the two groups (patients with and without diabetes) to control for confounding (17–19).

All analyses were performed using SAS (version 7.15), with the logistic regression model, used to create IPWs, run using the LOGISTIC procedure. Unless otherwise indicated, a threshold of p < 0.001 was used for significance.




Results

Among the 1,439,520 Medicare beneficiaries with a COVID-19 diagnosis present in the 2020 Medicare claims, 469,448 (33%) had concurrent diabetes mellitus (Table 1). In the unweighted comparison of patients with and without diabetes, all patient characteristics were significantly different. In particular, patients with diabetes were younger, were more likely to be black, had a higher number of comorbid diseases, had higher rates of Medicare-Medicaid dual-eligibility, and were less likely to be female than patients without diabetes. After propensity weighting, all baseline covariates were balanced across diabetes status and no longer statistically significant with standardized values within the -0.1 to 0.1 range (Table 2) (17–19). In the weighted cohort, 56.5% of patients were female, 90.4% of patients were non-black, 39% of patients were from the South, and 24% from the Midwest.


Table 1 | Unweighted demographic characteristics of Medicare beneficiaries with a diagnosis of Covid-19 in the 2020 claims data.




Table 2 | Weighted demographic characteristics of Medicare beneficiaries with a diagnosis of COVID-19 in the 2020 claims data.



After propensity weighting, we observed meaningful but not consistently statistically significant differences in all utilization measures. Beneficiaries with diabetes had higher rates of each outcome than beneficiaries without diabetes except in the use of drug treatments for COVID-19 (Table 3). In the weighted sample, the rate of hospitalization for COVID-19 among beneficiaries with diabetes (20.5%) and beneficiaries without diabetes (17.1%) were significant but the effect size was limited, with a standardized mean difference (SMD) of 0.09 (p<0.0001). Similarly, admission to ICU during hospitalizations was also significantly higher among beneficiaries with diabetes vs. beneficiaries without diabetes (7.78% vs. 6.11%), again with a limited effect size (SMD = 0.07, p<0.0001). Beneficiaries with diabetes had an average of 1.1 more ambulatory care encounters following their COVID-19 diagnosis (8.9 vs. 7.8; SMD = 0.04, p<0.0001). Beyond higher utilization, beneficiaries with diabetes had higher rates of overall mortality in 2020 following their COVID-19 diagnosis than beneficiaries without diabetes (17.3% vs. 14.9%; SMD = 0.04, p<0.0001).


Table 3 | Weighted measures of Medicare utilization among beneficiaries with a prior diagnosis of COVID-19 in the 2020 claims data.



Only steroid dexamethasone used for treatment of COVID-19 showed a significant difference between patients with and without diabetes (6.75% vs 6.32%: SMD = 0.02, p<0.0001). Other drugs evaluated were not significantly different in their application (Table 3). Differences in usage were related to regional rates of prescribing more than a disease comorbidity indicator. Whether a patient was prescribed these treatments for COVID-19 was impacted more by where they reside than an underlying risk factor for disease severity such as diabetes.



Conclusions

In this study, we compared treatment patterns and outcomes for patients with and without diabetes following the time of their diagnosis of COVID-19 in 2020. We found that patients with diabetes had more comorbid conditions than those without, were more likely to be male, and were more likely to be Medicare-Medicaid dual-eligible. When controlling for these differences through the application of inverse probability weighting, we saw that patients with diabetes still had a greater likelihood of hospitalization for COVID-19, that their hospitalizations would be more costly overall, and they had a greater overall likelihood of death following their COVID-19 diagnosis. These findings indicate that patients with diabetes had worse trajectories in terms of physical and financial burden in the treatment of COVID-19 compared to socio-demographically similar patients without diabetes. Additionally, studies have shown that access to preventative and primary care is important in the management of diabetes (20). In the context of the COVID-19 pandemic, preventative care was often canceled, which likely impacted people with diabetes and their ability to effectively control their disease.

Other studies of patients with diabetes and COVID-19 have shown differences in mortality and severity of illness for patients with diabetes compared to those without, with one meta-analysis describing a two-fold increase in mortality (21). Some studies are skeptical about the relationship between diabetes and COVID-19 trajectories and call for more concrete evidence (22, 23). A strength of the study is that we address some gaps in evidence for elderly patients with diabetes in the United States using a nationwide sample of FFS Medicare beneficiares. Our study has several notable limitations. The first is with respect to the drugs used to treat COVID-19; there are other medically indicated reasons for using many of these drugs (24–26). While we only looked at usage following COVID-19 diagnosis, due to the nature of using Medicare claims, we cannot be certain that the drugs were prescribed specifically to treat COVID-19. A second limitation is our inability to use the most current data, to analyze results for 2021. Additional burdens to COVID-19 patients include post-acute COVID-19 syndrome, or the long-term repercussions of infection, including impacts to physical and mental health such as fatigue, declines in quality of life, and chronic kidney disease (27). Another limitation is that our study included only people who qualified for Medicare on the basis of old age (65+) so is not generalizable to younger populations of people with diabetes. Finally, the roll-out of vaccines in late 2020 and into 2021 for COVID-19 – with many states prioritizing medically complex patients, including patients with diabetes – will be important to consider in future work. For example, it will be important to determine if it improved the trajectory of patients with diabetes, in particular, those with breakthrough COVID-19 infections following vaccination.

In conclusion, we have shown that Medicare beneficiaries with diabetes have higher rates of hospitalization and ICU use than similar beneficiaries without diabetes. They also have higher rates of mortality overall, and higher rates of dying once hospitalized for COVID-19. While the mechanism of how diabetes impacts the severity of COVID-19 in patients (leading to higher utilization and mortality) is not yet fully understood, there are many clinical implications.
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OEBPS/Images/table3.jpg
Diabetes No Diabetes Standardized Differences  P-Value*
N/Mean %/SD N/Mean %/SD

Total Hospitalizations for COVID 289,076 20.50% 248,457 17.10% 0.0867 <0.0001
ICU Admissions 109,500 7.78% 88,575 6.11% 0.0656 <0.0001
Death in Hospital 54,272 3.85% 42,451 2.93% 0.0512 <0.0001
Death in ICU 33,991 2.41% 25,692 1.77% 0.0448 <0.0001
Any Death 243,436 17.30% 215,796 14.90% 0.0654 <0.0001
Average # Ambulatory Care Visits per beneficiary Post-COVID Diagnosis 8.9 30.91 7.84 18.84 0.0412 <0.0001
Spending on COVID-related Hospitalization $20,501 $31,290  $19,413  $24,201 0.0389 <0.0001
Drug Treatments for COVID
Dexamethasone 95,056 6.75% 91,635 6.32% 0.0173 <0.0001
Hydroxychloroquine 18,770 1.33% 20,350 1.40% -0.0061 0.7243
Interferon 116 0.01% 196 0.01% -0.0051 0.5000
Ivermectin 6,107 0.43% 6,081 0.42% 0.0022 0.4662
Lopinavir/ritonavir 227 0.02% 256 0.02% -0.0012 0.5000
Tocilizumab 83 0.01% 83 0.01% 0.0002 0.5000

*P-values have been calculated without using inverse propensity weights.
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