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Background: Duration and number of power outages have increased 
over time, partly fueled by climate change, putting users of electric-
ity-dependent durable medical equipment (hereafter, “durable medi-
cal equipment”) at particular risk of adverse health outcomes. Given 
health disparities in the United States, we assessed trends in durable 
medical equipment rental prevalence and individual- and area-level 
sociodemographic inequalities.
Methods: Using Kaiser Permanente South California electronic 
health record data, we identified durable medical equipment renters. 
We calculated annual prevalence of equipment rental and fit hierar-
chical generalized linear models with ZIP code random intercepts, 
stratified by rental of breast pumps or other equipment.
Results: 243,559 KPSC members rented durable medical equipment 
between 2008 and 2018. Rental prevalence increased over time across 
age, sex, racial–ethnic, and Medicaid categories, most by >100%. In 
adjusted analyses, Medicaid use was associated with increased preva-
lence and 108 (95% confidence interval [CI] = 99, 117) additional days 
of equipment rental during the study period. ZIP code-level sociode-
mographics were associated with increased prevalence of equipment 
rentals, for example, a 1 SD increase in percent unemployed and <high 
school diploma (prevalence ratio [PR] = 1.1, 95% CI = 1.1, 1.1 and  
PR = 1.1, 95% CI = 1.1, 1.2, respectively). Increased Supplemental 

Nutrition Assistance Program usage was associated with decreased 
breast pump rentals (PR = 0.83, 95% CI = 0.78, 0.88).
Conclusions: We observed some socioeconomic disparities among 
a growing electricity-dependent population. Our findings are consis-
tent with the hypothesis that reliable electricity access is increasingly 
required to meet the health needs of medically disadvantaged groups. 
See video abstract at http://links.lww.com/EDE/B793.

Keywords: Durable medical equipment; Electronic health records; 
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Major power outages increased 10-fold between 1984 
and 2012 and the average US household experienced 

470 minutes without power in 2017.1,2 Major events, like 
winter storms, hurricanes, heatwaves, and wildfires, pro-
jected to intensify with climate change,3 accounted for virtu-
ally the entire increase. In addition to severe weather, power 
outages can be a result of Public Safety Power Shutoffs, 
utility-conducted power shutoffs during times of heightened 
wildfire risks. In October 2019, over 2 million electric cus-
tomer accounts in California lost power due to Public Safety 
Power Shutoff events.4 Beyond lights and appliances, these 
shutoffs cut power to electricity-dependent durable medi-
cal equipment (hereafter, “durable medical equipment”). 
Durable medical equipment encompasses at-home medical 
devices such as oxygen delivery systems, infusion pumps, 
ventilators, and dialysis machines. Today, at least 2.5 million 
people in the United States rely on durable medical equip-
ment.5 During outages, these individuals may face life-threat-
ening situations.6–8 Few studies, however, have characterized 
the durable medical equipment population by age, sex, race–
ethnicity, type of durable medical equipment, or socioeco-
nomic status (SES) despite their vulnerability during power 
outages due to reliance on electricity to manage their health.9

The US Department of Health and Human Service 
emPOWER map reported a nationwide prevalence of 45.84 
durable medical equipment users per 1000 Medicare benefi-
ciaries in April 2020.5 Individuals of all ages and disability 
statuses, however, use durable medical equipment. After the 
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2011 Japanese tsunami, where blackout durations averaged 8 
days, 75% of pediatric patients admitted to a local hospital 
were electricity-dependent.10 During the 2003 New York City 
Blackout, Montefiore Medical Center received 26 adults and 
11 children respiratory care device users.11 While those reliant 
on respiratory durable medical equipment are the most vul-
nerable and well-characterized, other types of durable medical 
equipment users may face significant stress and disruption to 
activities of daily living during a power outage, even if their 
device provides backup battery power. Profiles of these other 
groups, including users of electric wheelchairs, beds, and 
breast pumps do not exist. Breast pump users are an unstudied 
and unique group of generally healthy women of childbearing 
age that may require hospital-grade electric breast pumps to 
express breast milk for premature or sick infants.

Households dependent on electricity for medical 
devices require more than food, water, and supplies during 
power outages. Unfortunately, a minority of durable medical 
equipment users have specific disaster plans, and prepared-
ness may decline as physical disability increases.12 One study 
reported only 25% of durable medical equipment users had 
an alternative power supply.13 Disparities may also exist in 
power outage duration. In Florida, power outages lasted lon-
ger in rural areas and in communities with higher percentages 
of Hispanic, unemployed, and disabled populations.14 These 
inequalities in provision of energy services threaten energy 
justice, which includes as a tenet provision of reliable energy 
services as a basic social good.15 Further, in addition to pos-
sible unequal allocation of energy services, racial–ethnic and 
socioeconomic disparities in health outcomes that may require 
durable medical equipment (e.g., chronic obstructive pulmo-
nary disease and cardiovascular disease–persist in the United 
States).16,17 In New York, 57% of poorer respondents, those 
with an annual household income <$50,000, reported a house-
hold member using durable medical equipment, compared to 
36% overall.18

Here, we use electronic health record (EHR) data from 
a large healthcare system in California from 2008 to 2018 to 
provide sociodemographic profiles of individuals relying on 
durable medical equipment. We also assess potential dispari-
ties in durable medical equipment use and sociodemographic 
factors that may increase vulnerability of durable medical 
equipment users to power outages. Such data are required 
to adequately serve the medically-vulnerable and advance 
energy justice goals in support of health19 as power outage 
frequency and duration increases.

METHODS
We conducted an observational cohort study among 

members of Kaiser Permanente Southern California (KPSC), 
an integrated healthcare organization that serves >4.7 million 
individuals in Southern California. The integrated health-
care model means patients enroll as KPSC members, pay 
monthly premiums, and their health plan, the hospitals, and 

medical groups are integrated with the assistance of the EHR. 
Physicians receive salaries rather than fee-for-service pay-
ments. KPSC patients represent the underlying population 
in the region, except for slight under-representation of indi-
viduals living in the highest and lowest SES communities.20 
KPSC EHRs store member health information including 
demographics, encounters, procedures, and equipment rent-
als. Clinicians place orders for durable medical equipment 
through HealthConnect, a secure communication network. 
The durable medical equipment office handles rentals by con-
necting with the appropriate contract provider depending on 
requested equipment. The KPSC and Columbia University 
Institutional Review Boards approved this study.

Sample
The study population included KPSC members of all 

ages between 2008 and 2018, among whom we identified 
individuals who rented durable medical equipment each year 
(eFigure 1; http://links.lww.com/EDE/B774). We focused 
on durable medical equipment rentals alone, and not pur-
chases, because EHR data provides start and stop rental dates 
and because renters are likely a more vulnerable, lower SES 
population. We identified members renting durable medical 
equipment using Centers for Medicare & Medicaid Services 
Healthcare Common Procedure Coding System codes (eTable 
1; http://links.lww.com/EDE/B774). Durable medical equip-
ment categories included bilevel positive airway pressure 
machines, oxygen equipment, ventilators, enteral feeding 
machines, infusion pumps, suction pumps, hospital beds, 
wheelchairs, and breast pumps.21 KPSC EHR data included 
member sex, age, race–ethnicity, insurance type, annual ZIP 
code of residence, and durable medical equipment rental type. 
Clinicians usually record member sex in the EHR based on 
member self-report and sex likely matched natal sex for the 
majority of members, although it may represent gender iden-
tity for a sub-population.22 We refer to this variable as sex. We 
categorized insurance as Medicaid, Medicare, dual-Medicaid/
Medicare, and other- or self-pay based, with Medicaid use as 
a surrogate for low SES.23 We calculated each member’s total 
durable medical equipment rental duration and whether they 
rented two or more categories of durable medical equipment 
in a single year between 2008 and 2018.

Socioeconomic Status Measures
We downloaded Zip Code Tabulation Area level 

sociodemographic variables from the 2010 US census and 
the 2006–2010 American Community Survey,24 mapped Zip 
Code Tabulation Areas to US Postal ZIP codes, and linked 
data based on member ZIP code. We created percentages of 
the following variables by ZIP code: <high school educa-
tion, living below the federal poverty threshold, Supplemental 
Nutrition Assistance Program (SNAP) use, linguistically 
isolated, unemployed, renting, rural, ≥65 years, and racial–
ethnic categories (non-Hispanic Asian, Black, and White, and 
Hispanic). We also included median household income. We 
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standardized all sociodemographic variables by dividing them 
by their SD, except for race–ethnicity, which we scaled so beta 
coefficients corresponded to a 10% change in racial–ethnic 
group makeup.

Statistical Analysis
We calculated annual prevalence of durable medi-

cal equipment rentals between 2008 and 2018 as the count 
of KPSC members who rented durable medical equipment 
divided by the number of active KPSC members, each year. 
We estimated durable medical equipment rentals per 1,000 
persons overall and by sex, age category (0–17, 18–64, ≥65), 
race–ethnicity (non-Hispanic Asian, Black, White, other, and 
Hispanic), and Medicaid status. We calculated annual preva-
lence of breast pump rentals among women 15–49 of age. For 
analyses, we generated two groups: durable medical equip-
ment renters and the subset who rented electric breast pumps, 
which we refer to as durable medical equipment renters and 
breast pump renters to reflect varied durable medical equip-
ment use patterns.

We evaluated the association between ZIP code-level 
characteristics of KPSC members and census sociodemo-
graphics and annual prevalence of durable medical equip-
ment rentals, stratified by durable medical equipment and 
breast pumps rentals. To do so, we fit generalized linear mod-
els using a Poisson distribution for the outcome (count of 
members renting durable medical equipment per ZIP code) 
with a log-link, random intercept for ZIP code, and log(total 
KPSC population) per ZIP code as the offset, except for 
breast pump models, which used log(KPSC women 15–49 
of age). We evaluated the association between the ZIP code-
level sociodemographic variables in 13 separate models (12 
for breast pump models because age ≥65 was not included) 
due to high correlation between variables (eFigure 2; http://
links.lww.com/EDE/B774). Models were adjusted for year 
and ZIP code-level KPSC member population characteristics: 
mean age, percent Medicaid users, percent Hispanic and non-
Hispanic Black members, and percent female members (non-
breast pump models only).

In an individual-level analysis, we used a model with an 
identity link function and Gaussian distribution, with a ran-
dom intercept for ZIP code to assess the association between 
individual- and area-level factors and cumulative duration 
of durable medical equipment use between 2008 and –2018. 
Again, we ran 13 separate models. All models included mem-
ber age, sex, race–ethnicity, and Medicaid use, and ZIP code-
level median household income. We also used hierarchical 
logistic regression to evaluate associations between individ-
ual- and ZIP code-level variables and rental of two or more 
categories of durable medical equipment in the same year.

After running models evaluating ZIP code-level pre-
dictors of annual prevalence of durable medical equip-
ment rental and duration separately, we used Least Absolute 
Shrinkage and Selection Operator (LASSO) to select a subset 

of predictors when including all variables in the same model 
(eMethods; http://links.lww.com/EDE/B774).25 LASSO helps 
select the most important predictors when exposure variables 
are correlated.

In two sensitivity analyses, we (1) inspected model resid-
uals for spatial autocorrelation visually and using Moran’s I; 
and (2) calculated the distance between each ZIP code cen-
troid and the nearest KPSC facility and included this vari-
able in the model. We performed analyses using R Statistical 
Software version 3.5.1 (R Core Team [2018] https://www.R-
project.org/). Analytic code is available on GitHub at https://
github.com/joanacasey/dme_kpsc.

RESULTS
Between 2008 and 2018, 243,559 KPSC members 

rented electricity-dependent durable medical equipment. 
Electric breast pumps comprised 40% of these rentals, and 
other types of durable medical equipment 60% (Table 1). All 
breast pump renters were females 15–49 years of age, the 
majority were of Hispanic ethnicity, and nearly 20% used 
Medicaid as insurance. Other durable medical equipment 
renters consisted of equal numbers of men and women and 
the majority were aged ≥65 years and of non-Hispanic White 
race–ethnicity; only ~10% used Medicaid as insurance (likely 
due to the older average age). Less than 1% of breast pump 
users rented another type of durable medical equipment while 
>25% of those that rented other durable medical equipment 
rented two or more categories of durable medical equipment 
(e.g., a hospital bed and oxygen equipment) during the study 
period.

During the 11-year period, annual prevalence of 
durable medical equipment rentals generally increased. For 
example, the annual prevalence of oxygen equipment rentals 
grew from 1.79 (95% confidence interval [CI] = 1.75, 1.84) 
per 1000 persons in 2008 to 5.22 (95% CI = 5.16, 5.29) per 
1000 persons in 2018, while the annual prevalence of breast 
pump rentals increased from 5.59 (95% CI = 5.43, 5.74) to 
20.16 (95% CI = 19.90, 20.42) per 1000 persons (Figure 1, 
and eTables 2 and 3; http://links.lww.com/EDE/B774). 
Those aged ≥65 had the highest prevalence of rentals; 46.8 
(95% CI = 46.2, 47.3) per 1000 persons in 2018. Overall, the 
annual prevalence of durable medical equipment rental was 
highest among non-Hispanic Black and non-Hispanic White 
members, but prevalence among all racial–ethnic groups 
increased over the study period.

We observed a sharp increase in durable medical equip-
ment rental among Medicaid recipients, particularly after 2012 
(Figure 1). Between 2012 and 2015, an additional 8992 KPSC 
members 18–64 years of age used Medicaid as insurance and 
the annual prevalence of durable medical equipment rental in 
this group increased by 124% (eFigure 3; http://links.lww.com/
EDE/B774). The annual prevalence of renting two or more 
durable medical equipment categories increased by 300% 
between 2008 and 2018; annual prevalence plateaued ~2 per 
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1000 persons in 2014 (eFigure 4; http://links.lww.com/EDE/
B774). Spatially, durable medical equipment rental among the 
KPSC population has increased across the KPSC catchment 
area over time, with higher prevalence of rentals clustered in 
Los Angeles and San Diego for breast pumps, distributed more 
evenly across the study region for other durable medical equip-
ment types, and more confined to urban areas for those using 
Medicaid (eFigures 5 and 6; http://links.lww.com/EDE/B774).

KPSC member characteristics were associated with 
annual prevalence of durable medical equipment rental at the 
ZIP code-level in adjusted models (Table  2 and eFigure 7; 
http://links.lww.com/EDE/B774). A 10-year increase in mean 
ZIP code level KPSC member age was associated with an 
increased prevalence ratio (PR) for durable medical equipment 
rental but a reduced PR for breast pump rental. For durable 
medical equipment rental, a 10% increase in ZIP code-level 
KPSC non-Hispanic White race–ethnicity was associated with 

a 10% increase in PR. While for breast pump rental, KPSC 
non-Hispanic Black race–ethnicity was most strongly asso-
ciated with an increased PR and KPSC non-Hispanic White 
race–ethnicity was associated with a decreased PR. For both 
types of durable medical equipment, a 10% increase in the 
ZIP code-level KPSC member population using Medicaid was 
associated with increased annual prevalence of durable medi-
cal equipment rental.

ZIP code-level factors were associated with annual prev-
alence of both durable medical equipment and breast pump 
rentals. Our LASSO model suggested that for durable medical 
equipment rental, a one standard-deviation increase in percent 
unemployed and less than a high school diploma were asso-
ciated with increased prevalence of rentals (PR = 1.1, 95% 
CI: 1.1, 1.1; and PR = 1.1, 95% CI: 1.1, 1.2, respectively), 
while higher linguistic isolation and proportion of individuals 
≥65 years were associated with reduced prevalence of rentals  
(Figure 2A). For breast pumps, increased percent renters and 
lower percent SNAP users were associated with increased prev-
alence of rentals (PR = 1.1, 95% CI = 1.1, 1.2 and PR = 0.83, 95%  
CI = 0.78, 0.88, respectively, Figure 2B). Models where each 
ZIP code-level sociodemographic factor was entered sepa-
rately generally agreed with the LASSO results (eFigures 8 
and 9, eTable 6; http://links.lww.com/EDE/B774).

ZIP code-level racial–ethnic composition was also 
associated with annual prevalence of durable medical equip-
ment rentals (eTable 6; http://links.lww.com/EDE/B774). For 
example, a 10% increase in Black or Hispanic race–ethnicity 
was associated with increased prevalence of durable medical 
equipment rentals (PR = 1.19, 95% CI = 1.12, 1.26), but not 
breast pump rentals (PR = 0.94, 95% CI = 0.85, 1.04). Only 
Asian race–ethnicity was associated with an increase in breast 
pump rentals (PR = 1.16, 95% CI = 1.12, 1.20).

On average, KPSC members rented breast pumps 
for 206 days during the 11-year study period and other 
durable medical equipment for 303 days. In adjusted mod-
els, Medicaid as insurance was associated with 108 (95%  
CI = 99, 117) additional days of durable medical equipment 
rental and 6 (95% CI = 4, 9) additional days of breast pump 
rental between 2008 and 2018 (Table 3 and eFigure 10; http://
links.lww.com/EDE/B774). Being a dual-Medicaid/Medicare 
beneficiary was associated with even longer rental duration, 
125 days (95% CI = 114, 136) for durable medical equipment 
and 39 days (95% CI = 15, 64) for breast pumps. Non-Hispanic 
White and Black members rented durable medical equipment 
longer than other race–ethnicities. Generally, individual-level 
factors were not associated with breast pump rental duration.

ZIP code-level factors were not predictive of cumula-
tive durable medical equipment rental duration (eFigures 11 
and 12; http://links.lww.com/EDE/B774). The LASSO model 
only retained ZIP code-level unemployment as a relevant pre-
dictor of durable medical equipment rental duration (β = 31 
days, 95% CI = 26, 36 per 4.6% increase in unemployment); 
no variables were retained in the breast pump model.

TABLE 1.  Characteristics of 243,559 Renters of Electric 
Durable Medical Equipment at KPSC, 2008–2018

Characteristic

Renters of  
Durable Medical  

Equipmenta

Renters of 
Breast Pumpsb

Overall, n (%) 147,295 (100) 96,534 (100)

Age, years, n (%)   

  0–17 4,295 (2.9) 0 (0)

  18–64 64,690 (44) 96,534 (100)

  65+ 78,310 (53) 0 (0)

Sex, n (%)   

  Female 77,034 (523) 96,534 (100)

  Male 70,261 (48) 0

Race/ethnicity, n (%)   

  Non-Hispanic   

    Asian 10,159 (6.9) 15,187 (16)

    Black 18,528 (13) 7,491 (7.8)

    White 82,415 (56) 22,414 (23)

    Otherc 2,141 (1.5) 1,276 (1.3)

  Hispanic 34,052 (23) 50,166 (52)

Insurance type, n (%)   

  Medicaid 15,504 (11) 17,727 (18)

  Medicare 107,742 (73) 190 (0.2)

    Dual-eligibled 9,547 (6.5) 190 (0.2)

  Private/self-pay/unknown 33,596 (23) 77,807 (81)

Rental of 2+ durable medical equipment 

categories during at least 1 year, n (%)

38,981 (26.5) 162 (0.2)

Distance to nearest KPSC facility (km), 

median (IQR)

3.3 (2.0–5.4) 3.1 (1.9–4.6)

Duration of durable medical equipment 

rental, 2008–2018 (days), median (IQR)

303 (173–431) 206 (106–297)

aIncludes all non-breast pump durable medical equipment rental types: bilevel posi-
tive airway pressure (BiPAP) machines, enteral feeding machines, hospital beds, infu-
sion pumps, oxygen equipment, suction pumps, ventilators, and wheelchairs.

b270 KPSC members rented a breast pump and other durable medical equipment 
during the study period and appear in both columns.

cIncludes other, missing or unknown, or multiple races/ethnicities.
dEligible for both Medicaid and Medicare.IQR, interquartile range.
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In a secondary analysis, we found that the PR of rent-
ing two or more durable medical equipment categories 
increased with age (PR = 1.38, 95% CI = 1.36, 1.39 per 
10-year increase), male sex (PR = 0.84, 95% CI = 0.82, 
0.86 for females), Medicaid use (PR = 1.30, 95% CI = 1.24, 
1.35), and Non-Hispanic Asian (PR = 1.37, 95% CI = 1.30, 
1.44), Black (PR = 1.22, 95% CI = 1.17, 1.28), and Hispanic  
(PR = 1.34, 95% CI = 1.29, 1.38) race–ethnicity (eTable 7; 
http://links.lww.com/EDE/B774). The LASSO model only 

retained ZIP code-level % with less than high school edu-
cation as predictive of renting two or more durable medical 
equipment categories (PR = 1.04, 95% CI = 1.02, 1.07).

Visual inspection of model residuals and Moran’s I 
both indicated our models appropriately accounted for spa-
tial autocorrelation (eFigure 13; http://links.lww.com/EDE/
B774). Including distance to the nearest KPSC healthcare 
facility in models changed effect estimates by <1% (data 
not shown).
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Oxygen equipment
Hospital beds
Infusion pumps
Suction pumps
BiPAP machines
Enteral feeding
machines
Ventilators
Wheelchairs
Other

Sex/age
category

Females, 0−17
Females, 18−64
Females, ¾ 65
Males, 0−17
Males, 18−64
Males, ¾ 65
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Black
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Other
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durable medical
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Non−medicaid,
breast pump
Medicaid,
non−breast pump
Non−Medicaid,
non−breast pump

A B

C D

FIGURE 1.  Annual prevalence of electricity-dependent durable medical equipment rental per 1000 KPSC members, 2008–2018. 
A, Durable medical equipment category; (B) sex and age category; (C) race/ethnicity; (D) Medicaid status. BiPAP, bilevel positive 
airway pressure.
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DISCUSSION
Between 2008 and 2018 in a large, integrated health-

care system in California, we found increases in annual prev-
alence of durable medical equipment rental across age, sex, 
race–ethnicity, and Medicaid categories. The increased annual 
prevalence was particularly dramatic between 2012 and 2015 
for members using Medicaid, and Medicaid use was associ-
ated with increased durable medical equipment rentals and 
durations in adjusted analyses. We also found that while lower 
ZIP code-level educational attainment and unemployment 
were associated with increased annual prevalence of durable 
medical equipment rental, linguistic isolation was associated 
with decreased prevalence, potentially indicating unmet need. 
Likewise, increased ZIP code-level use of SNAP was associ-
ated with lower prevalence of breast pump rentals. Increased 
ZIP code-level non-Hispanic race–ethnicity was associated 
with decreased prevalence of rentals, possibly reflecting pur-
chase, rather than rental of durable medical equipment. Our 
results are consistent with increased demand for at-home 
medical care in an aging population, Medicaid expansion to 
cover durable medical equipment, and potential disparities in 
durable medical equipment provision.

The Affordable Care Act (ACA) expanded Medicaid eli-
gibility to most low-income adults in an effort to address sys-
temic health inequalities in the U.S. The Medicaid population 

has greater morbidity in general23 and the ACA increased 
at-home durable medical equipment use, recognizing the 
preference of Americans with functional needs to remain in 
communities and including provisions to support individu-
als at home.26 Many states, including California, elected to 
also cover durable medical equipment as an optional service 
under Medicaid. From December 2012 to 2014, California’s 
Medicaid enrollment increased by 60%, from 7.6 to 12 mil-
lion individuals.27 Our data reflect this surge as the KPSC 
Medicaid population aged 18–64 increased by 67% between 
2012 and 2014. These members gained access to durable med-
ical equipment; prevalence increased by >100% during the 
same time period. We also observed rapid increases in elec-
tric breast pump rental that mirrored the 7.5% annual growth 
in the worldwide breast pump market from 2012 to 2018.28 
We note, however, that durable medical equipment use in our 
sample was increasing before the ACA expansion including 
for the non-Medicaid population (Figure 1). Our data are lim-
ited such that we lack geographic variation in the ACA rollout. 
As such, we are unable to robustly estimate the impact of the 
ACA expansion on durable medical equipment use. However, 
this is an important topic for future research.

We observed the highest annual prevalence of durable 
medical equipment rental among KPSC members aged ≥65 
years. However, despite higher average KPSC member age 
being associated with increased durable medical equipment 
rentals, higher ZIP code-level percentages of adults aged ≥65 
overall were associated with reduced prevalence, consistent 
with scholarship finding <50% of chronically disabled elderly 
individuals have received Medicare-reimbursed durable 
medical equipment.29 While some studies suggest that after 
disasters, older adults, particularly those living with chronic 
conditions that require durable medical equipment, face ele-
vated risk of adverse health outcomes,30 a recent review found 
little evidence of such increased risk.31

Despite persistent racial–ethnic and socioeconomic 
health disparities in the United States that could make certain 
sub-populations require more durable medical equipment,17 
we know of no studies that have characterized individual or 
area-level sociodemographics in the population of durable 
medical equipment renters. We found Medicaid use associ-
ated with higher prevalence and longer duration of durable 
medical equipment rental, consistent with a higher prevalence 
of chronic conditions among the Medicaid population32 and 
greater durable medical equipment needs among children on 
Medicaid/Children’s Health Insurance Program compared 
with those on private insurance.33 From a clinical standpoint, 
the increased prevalence of durable medical equipment rental 
among low SES KPSC members likely represent met need but 
also makes this group vulnerable during power outages. After 
Hurricane Sandy and subsequent outages, hospitals reported 
dramatic increases in emergency department patients seeking 
care for respiratory device failure.30,34 Low SES individuals 
may be particularly vulnerable because standby generators 

TABLE 2.  ZIP Code-Level PR for Electric Durable Medical 
Equipment Rentals by KPSC Member Sociodemographics, 
2008–2018

 
Durable Medical  

Equipmenta

Breast  
Pump

Variable PR (95% CI)b PR (95% CI)c

KPSC member characteristicsd   

  Age 1.8 (1.7, 1.9) 0.84 (0.75, 0.93)

  Sex 1.1 (1.0, 1.2) Not estimated

  Race/ethnicity   

    Non-Hispanic   

      Asian 1.0 (1.0, 1.0) 1.0 (1.0, 1.1)

      Black 1.0 (1.0, 1.0) 1.1 (1.1, 1.2)

      White 1.1 (1.1, 1.1) 0.76 (0.71, 0.82)

      Other 1.0 (1.0, 1.0) 1.0 (1.0, 1.0)

    Hispanic 0.96 (0.94, 0.98) 1.0 (1.0, 1.0)

  Medicaid 1.2 (1.2, 1.3) 1.2 (1.1, 1.3)

aIncludes all non-breast pump durable medical equipment rental types: bilevel posi-
tive airway pressure (BiPAP) machines, enteral feeding machines, hospital beds, infu-
sion pumps, oxygen equipment, suction pumps, ventilators, and wheelchairs.

bGeneralized hierarchical Poisson model with a random intercept for ZIP code, 
adjusted for year, ZIP code-level median household income, and descriptors of the ZIP 
code-level KPSC member population: mean age, percent Medicaid users, percent His-
panic members, percent non-Hispanic Black members, and percent female members.

cGeneralized hierarchical Poisson model with a random intercept for ZIP code, 
adjusted for year ZIP code-level median household income, and descriptors of the ZIP 
code-level KPSC member population: mean age, percent Medicaid users, percent His-
panic members and percent non-Hispanic Black members.

dPR per 10-year increase in ZIP code-level average KPSC membership age or 10% 
increase in other KPSC member population characteristics.
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cost $2000–5000, limiting access to backup power for medi-
cal devices during outages.

Other measures of SES, ZIP code-level unemployment 
and lower educational attainment, were related to increased 
prevalence of durable medical equipment rentals in the KPSC 
population. ZIP code-level unemployment was associated 
with longer duration durable medical equipment rental, sug-
gesting a bidirectional relationship where unemployed indi-
viduals require and rent more durable medical equipment. 
Conversely, we observed decreased prevalence of durable 
medical equipment rentals in ZIP codes with higher levels 
of SNAP use and linguistic isolation, potentially reflecting 
less access to medically important devices. We found a 17% 
reduction in the prevalence of breast pump rental associated 
with a SD increase in ZIP code-level SNAP use. This rela-
tionship could also reflect the known lower breastfeeding rates 
among lower SES women in the United States.35 With respect 
to linguistic isolation, previous studies have reported lower 
levels of healthcare access and preventive (e.g., flu shot) and 
psychiatric care services when comparing Spanish-speaking 
to English-speaking Hispanics.36,37 Further, linguistic isola-
tion may inhibit disaster preparedness due to lack of bilin-
gual emergency messages or financial resources to prepare.38 
A 2016 survey of 887 New Yorkers found 58% prepared for 
a disaster, and those that took the survey in Spanish had the 
lowest preparedness (29%).18

Regarding racial–ethnic differences, we found higher 
percentages of non-Hispanic White KPSC members associ-
ated with higher ZIP code-level annual prevalence of durable 
medical equipment rentals, and no difference in prevalence 
by other racial–ethnic groups. For breast pump rental, we 
observed the opposite, lower annual prevalence of rental in 
ZIP codes with a higher percentage of non-Hispanic White 

KPSC members. This may reflect purchase of electric breast 
pumps by these groups rather than reduced use. Above and 
beyond the KPSC population composition, ZIP code-level 
Hispanic and Black race–ethnicity were associated with 
increased annual prevalence of durable medical equipment 
rental. Prior studies indicate lower disaster preparedness 
among lower-income, Black, and Hispanic individuals19; Cox 
and Kim39 found that low-income older Black participants in 
the Health and Retirement Study were the least prepared of 
all groups surveyed. This, coupled with Black and Hispanic 
respondents reporting the greatest concerns about health dur-
ing power outages18 suggests that racial–ethnic and socioeco-
nomic differences in annual prevalence of durable medical 
equipment rental may translate into worse health outcomes 
during future power outages.

Electric utilities often encourage durable medical equip-
ment users to register for priority in terms of evacuation, shel-
tering, power restoration, or early alerts of planned outages. 
Southern California Edison, which serves a large segment of 
the KPSC population, provides power outage alerts and offers 
additional electricity to durable medical equipment users at a 
lower baseline rate, but leaves healthcare providers to develop 
disaster plans. Utility and public health registries, however, 
may go unused. Only 40% of electricity-dependent households 
in New York surveyed in 2016 had registered to receive early 
notification of outages from utilities.18 In New Orleans, 611 
Medicare beneficiaries were identified as relying on at-home 
respiratory durable medical equipment but only 15 (2.5%) had 
enrolled in the city’s special medical need registry.40

An alternative power supply, such as a gas or diesel 
generator, can help individuals shelter in-place during an out-
age, but can cause carbon monoxide poisoning,8,18 be diffi-
cult to operate and refuel (especially for those with mobility 

FIGURE 2.  ZIP code-level PR for durable medi-
cal equipment and breast pump rentals at KPSC, 
2008–2018 by ZIP code-level socioeconomic 
factors. A, Durable medical equipment (DME); 
(B) breast pumps. All SES variables were mod-
eled jointly, and a subset of important predic-
tors selected using LASSO (see eMethods; 
http://links.lww.com/EDE/B774). Models were 
adjusted for year and descriptors of the ZIP 
code-level KPSC member population: mean age, 
percent Medicaid users, percent Hispanic mem-
bers, percent non-Hispanic Black members, and 
percent female members (DME models only). 
aIncludes all non-breast pump durable medi-
cal equipment rental types: bilevel positive air-
way pressure (BiPAP) machines, enteral feeding 
machines, hospital beds, infusion pumps, oxy-
gen equipment, suction pumps, ventilators, and 
wheelchairs.
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impairments), and require substantial capital inputs. Clean 
energy technologies–battery storage, ideally paired with 
onsite solar generation—can provide reliable backup power 
without harmful emissions, fuel supply concerns, or operat-
ing difficulties, but also come with high upfront costs (a bat-
tery may cost >$6,500). Such costs can exacerbate existing 
disparities in backup power access. One study found non-
Hispanic White respondents 2.5× as likely to own a generator 
as other racial–ethnic groups.41 Lower SES individuals suffer 
from energy insecurity.42,43 In California, 36% of low-income 
households surveyed reported cutting back on buying food 
to pay utility bills.44 These disparities in energy access and 
backup power further highlight the vulnerability of low SES 
individuals, who in our study had higher prevalence of rented 
durable medical equipment than higher SES individuals.

Two prior data points provide estimates of durable 
medical equipment use in California. Commercial outpatient 
claims from large employers found a prevalence of at-home 
ventilator or oxygen concentrator use of 1.02 (95% CI = 0.97, 
1.07) per 1000 covered lives in Los Angeles in 2012,45 this 
compares to 3.80 (95% = 3.74, 3.86) per 1000 KPSC mem-
bers in 2012. Second, the US Department of Health and 
Human Service emPOWER map reported an average preva-
lence of durable medical equipment use among KPSC ZIP 
codes as 33.1 per 1000 Medicare beneficiaries in the fall of 
2019 (earliest date for which we have data), similar to the 
KPSC prevalence of 43.3 per 1000 persons among adults aged 

≥65 in 2018 (eFigure 14; http://links.lww.com/EDE/B774). 
emPOWER can assist in identifying Medicare durable medi-
cal equipment user locations in disaster-scenarios,40 but lacks 
information on non-Medicare beneficiaries who accounted for 
27% of durable medical equipment renters and nearly 100% 
of breast pump renters at KPSC. emPOWER does not track 
breast pump rentals.

This study had limitations. We evaluated only durable 
medical equipment rentals, not total durable medical equip-
ment use, which would include purchased equipment. Further, 
we could not assess unmet need among KPSC members, those 
that could have benefited from durable medical equipment 
rentals but did not obtain them. The majority of SES variables 
were measured at the ZIP code-level, rather than individual-
level, precluding us from answering questions related to, for 
example, individual-level unemployment and durable medical 
equipment rental.

Because irregular power supply makes durable medical 
equipment users vulnerable to medical emergencies, future 
work should focus on evaluating their healthcare needs and 
outcomes.

Our present analysis identified increased annual preva-
lence and longer duration of durable medical equipment rental 
among Medicaid recipients as well as area-level sociodemo-
graphic factors associated with increased annual prevalence 
of durable medical equipment rental. These findings sug-
gest that energy access is increasingly critical in meeting 
the health needs of medically disadvantaged groups. Annual 
prevalence of durable medical equipment rental also increased 
rapidly between 2008 and 2018 across all groups, including 
previously uncharacterized breast pump users. Descriptive 
studies such as ours can help identify trends and potentially 
vulnerable sub-groups of durable medical equipment renters, 
information useful for healthcare providers and disaster pre-
paredness officials.
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