
Abstract
This cross-sectional study examined the 2015-2019 National Health and Nutrition Examination Surveys 
(NHANES), which has been used in prior COVID-19 research, to estimate the proportion of adults with 
diabetes and serious heart conditions (SHCs) at risk of potential drug-drug interactions (pDDIs) arising 
from concomitant use of ritonavir and medications used to treat their comorbid conditions. Medications 
metabolized through the CYP3A4 pathway were identified as having pDDI with ritonavir, and were 
categorized as contraindicated, major, moderate, or minor pDDI severity using data sources from University 
of Liverpool, Lexicomp® and the FDA. Age-stratified prevalence of pDDIs were estimated using U.S. 
population weights (Table 1). 6.3% and 11.0% of survey participants reported a diagnosis of SHC and 
diabetes, respectively.  pDDIs of any severity were identified in 44.5% of all adults; with 28.4% at risk of 
major or contraindicated pDDIs. Major or contraindicated pDDIs were observed in 58.1% of adults 60+. 
Among individuals with diabetes and SHCs, respectively, pDDIs were identified in 83.5% and 90.9% of all 
adults and in 92.1% and 95.5% of adults 60+. Major or contraindicated pDDIs were identified in 69.5% and 
80.2% of adults with diabetes and SHC, respectively; and in 81.4% and 86.0% of individuals with diabetes 
and SHC aged 60+. This study suggests that majority of U.S. adults with diabetes or SHC are at risk of a 
major or contraindicated pDDI if treated with ritonavir-containing therapies. Findings highlight the importance 
of pDDI assessments in determining appropriate COVID-19 therapies, especially for multimorbid and elderly 
patients. 

Background
Since the start of the pandemic in March 2020, over 1 million deaths in the United States (US) have occurred 
due to to COVID-19. Individuals with chronic comorbidities, such as diabetes or serious heart conditions 
(SHC), are at increased risk of severe complications from the disease.1 These vulnerable patient groups are 
also at increased risk of potential drug-drug interactions (pDDI) during treatment for COVID-19.2 Of particular 
concern are pDDIs between cytochrome P4503A4-mediated medications (CMM) used to treat several 
chronic conditions and ritonavir-containing COVID-19 regimens.

Aim
To estimate the proportion of the US population at risk of pDDIs between CMMs and ritonavir-containing 
regimen and the prevalence of pDDIs among individuals with diabetes or SHCs. 

Methods
 • Data source: Two waves (2015–2016 and 2017–2019) of the National Health and Nutrition Examination 
Survey (NHANES), a cross-sectional survey of the non-institutionalized US population, generalizable to the 
US general population was used for this analysis. Each NHANES wave captures data on roughly 5,000 
individuals via questionnaires, physical examinations, and laboratory measures. 

 • Study design: A cross-sectional analysis of pDDIs among US adults (age 18+) using NHANES data

 • Cohort definition: Patients were grouped into non-exclusive cohorts based on diagnosis of diabetes or 
SHC and further stratified by age (18+ and 60+). 

 • Study measures
 – COVID-19 risk factors: COVID-19 risk factors identified by the CDC3 that could be determined from 
responses to the NHANES questionnaire or specific results from laboratory or physical measures.

 – pDDI: An individual was considered at risk of a pDDI if they reported use of any medications metabolized 
through the CYP3A4 isoenzyme pathway in response to the question “In the past 30 days have you used 
a medication for which a prescription is needed?” pDDI severity was defined as contraindicated, major, 
moderate, or minor using data sources from the University of Liverpool, Lexicomp®, and the FDA4,5,6

 • Weighting: To improve external validity to the general US population and increase precision of study 
results, NHANES oversamples certain subgroups, such as Hispanic persons and persons over 80 years 
old. All study results were weighted to account for oversampling, non-response, and the use of two 
NHANES cycles (2015–2016 and 2017–2019)

Table 1. Demographic characteristics
All Adults (2015-2019)

Unweighted Weighted

N 15,685 188,137,854

Age, mean (SD or SE)1 49.0 (18.6) 47.1 (0.5)

Age group at index, %

18-44 42.7 45.6

45-59 23.4 26.3

60+ 33.9 28.1

Female, % 51.5 51.5

Race and ethnicity, %

Non-Hispanic White 33.7 62.5

Non-Hispanic Black 24.4 11.5

Non-Hispanic Other 16.6 10.0

Hispanic 25.4 16.0

Insurance, %2

Private 48.6 59.0

Medicare 25.1 20.4

Medicaid 15.2 9.7

Other 16.9 20.7

None or no record 0.026 0.004

1SD reported for unweighted, SE reported for weighted. 
2Persons may report more than one insurance type.

ighoosag_215016-0001-HiD_Poster_NHANES_V1.07 06/15/2022 • Output Size: 90” x 45” Scale: 100%

Ebuwa Igho-Osagie1; Kaylen Brzozowski2; Harry Jin2; Jeff Brown2; 
Amy Puenpatom1

1Merck & Co., Inc., Rahway, NJ, USA, 2TriNetX, LLC, Cambridge, MA, USA

Potential CYP3A4-mediated drug-drug interactions with ritonavir-containing 
medications among US adults with diabetes or cardiovascular diseases: 
An analysis of NHANES data

Copyright © 2022 Merck & Co., Inc., Rahway, NJ, USA and its affiliates. All rights reserved.

Table 2. Prevalence of COVID-19 risk factors1

US Adults

Any COVID-19 risk factor, % 81.2

Any comorbidity,2 % 76.2

Individual risk factors, %

Smoking (current or prior) 43.2

Obesity 39.7

Physical inactivity 39.2

Diabetes 15.6

Chronic kidney disease 14.0

Cancer 10.3

COPD 8.2

Depression 6.4

Serious heart conditions 6.2

Hepatic disease 4.9

Cerebrovascular disease 3.2

Steroid or immunosuppressive 
medication 3.1

Pregnancy 0.8

HIV 0.2

1As indicated by NHANES questionnaire or laboratory data.
2Excludes physical inactivity and smoking.

Table 3. Prevalence of pDDIs among US adults by age, diabetes and SHC subgroups
US Adults Diabetes Serious Heart Conditions

Age 18+ 60+ 18+ 60+ 18+ 60+

Any pDDI1 

In the past 30 days, % 45.3% 76.4% 75.4% 88.7% 90.2% 95.1%

Number in past 30 days, mean (SE) 2.5 (0.05) 2.9 (0.07) 3.1 (0.09) 3.3 (0.12) 3.7 (0.14) 3.6 (0.14)

Severity of pDDI 

Contraindicated, % 20.6% 48.0% 50.6% 65.1% 69.9% 77.3%

Major, % 8.8% 12.3% 12.8% 13.3% 10.8% 10.4%

Moderate, % 5.4% 6.7% 5.6% 4.4% 6.2% 4.0%

Minor, % 10.6% 9.5% 6.4% 5.9% 3.3% 3.4%

1pDDIs include medications that were evaluated by the Liverpool, Lexicomp, and/or FDA data sources.

Figure 1. Prevalence of major or contraindicated pDDIs 
among US adults by age, diabetes and SHC subgroups
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1Includes pDDI determined as major or contraindicated in categorical severity assignment 
based on Liverpool, Lexicomp, or FDA data sources

Results
 • 15,685 adults from the combined 2015-2019 waves were included in 
the data

 – The mean age of the sample was 49 years (18.6); 51.5% were female, 
33.7% were non-Hispanic White, and 48.6% had private insurance

 – After weighting, 81.2% of U.S. adults were found to have at least one 
COVID-19 risk factor. 6.2% reported a diagnosis of SHCs and 15.6% 
reported a diagnosis of diabetes

 • pDDIs of any severity were identified in 45.3% of all adults and 76.4% of 
adults 60+ 

 – The mean number of pDDI events in the past 30 days among those 
with a pDDI was 2.5 (0.05) for all adults and 2.9 (0.07) for adults 60+

 – 29.4% of all adults and 60.3% of adults 60+ were at risk of major or 
contraindicated pDDIs

 • Among respondents with diabetes:
 – pDDIs of any severity were identified in 75.4% of all adults, and 88.7% 
of adults over 60 years 

 – The mean number of pDDI events in the past 30 days among those 
with a pDDI was 3.1 (0.09) for all adults and 3.3 (0.12) in adults 60+

 – Major or contraindicated pDDIs were observed in 63.4% of all adults 
and 78.4% of adults 60+

 • Among respondents with SHCs:
 – pDDIs of any severity were identified in 90.2% of all adults and 95.1% 
of adults 60+ 

 – The mean number of pDDI events in the past 30 days among those 
with a pDDI was 3.7 (0.14) for all adults and 3.6 (0.14) for adults 60+

 – Major or contraindicated pDDIs were observed in 80.7% of all adults 
with SHC and 87.7% of adults 60+ with SHC 

Limitations
 • This study only examined pDDI for prescription CMMs and did 
not capture the prevalence of potential interactions between 
ritonavir and between cytochrome P4503A4-mediated 
supplements and over-the-counter medications.

 • Due to safety concerns, the NHANES 2019–2020 wave was 
suspended at the start of the COVID-19 pandemic. This study 
used data from the 2015–2016 and 2017–2019 waves to 
estimate pDDI prevalence during the COVID-19 pandemic; 
however, actual usage may have been lower or higher due 
to issues with accessing medical care, loss of income, 
development of new health conditions, and other factors. 

Conclusion

Study findings suggests that one-third of US adults are at 
risk of major or contraindicated drug-drug interactions if 
treated with ritonavir-containing COVID-19 therapies. This 
prevalence rises to greater than 60% among individuals 
with serious heart conditions, diabetes or those aged 60 
years or more. Findings highlight the need for physicians 
to carefully consider pDDI risk at the point of prescribing 
COVID-19 therapies. Alternative therapies should be 
considered where pDDIs preclude the prescription of 
ritonavir-containing medications.
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