
Reduced Diffusion Capacity in COVID-19 Survivors

To the Editor:

As of December 22, more than 71million cases of confirmed
coronavirus disease (COVID-19) have been reported worldwide (1).
After the acute phase, millions of patients will require follow-up for
potential respiratory sequelae, among others. This will put a strain on
the pulmonary function test (PFT) laboratories. A small few
descriptive reports, with a hundred patients or fewer, have been
published showing a considerable prevalence of altered diffusing
capacity of the lung for carbonmonoxide (DLCO) percentage in
survivors (2–4). However, it is unknown which clinical variables might
be associated with the alteration of diffusion capacity after COVID-19.
This work aims to identify clinical variables during the acute phase
associated with DLCO values in COVID-19 survivors in the follow-up.

This is a retrospective study including consecutive patients aged
18–84 years with laboratory-confirmed severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection discharged from
the Pneumology Department, at La Fe University and Polytechnic
Hospital in Valencia (Spain), fromMarch 23 to August 20. All
patients (N5 239) were referred to the follow-up clinic with an
appointment for PFT, including forced spirometry and DLCO by the
single-breath method adjusted for hemoglobin. For the analysis, we
classified patients as normal DLCO ($80% predicted) or altered DLCO

(,80% predicted) according to the Global Lung Function Initiative
(5). We estimated DLCO after COVID-19 admission using multiple
linear regression analysis including key points such as demographics,
preexisting conditions, inflammation, vascular alterations, and
severity (those requiring intensive care unit [ICU] admission) based
on their potential clinical relevance. The logarithm was applied to the
peaks to avoid extreme data when appropriate.

We recruited 239 patients; however, 24 declined to attend follow-
up clinic or did not perform the PFTmaneuvers correctly, preventing
their interpretation. Finally, 215 patients were included for the analysis.
Themedian (first, third quartile) time from discharge to PFTwas 87
(62–109) days. The results for FVC (forced vital capacity) % predicted
value (pred), FEV1 (forced expiratory volume in 1 s) % pred, FEV1/
FVC, DLCO% pred, and DLCO/alveolar volume% pred are presented in
Table 1. Only 10 (4.7%) and 19 (8.8%) patients had FVC and FEV1

pred,80%, respectively. Of the 215 patients, 162 (75.3%) had a normal
DLCO and 53 (24.7%) an altered DLCO. Among the latter (53), 40

(75.5%) had amild alteration (60 to,80 DLCO%), 13 (24.5%)moderate
(40 to,60 DLCO%), and none severe (,40 DLCO%), respectively.

In Table 1, clinical variables are displayed in relation to altered
DLCO. Briefly, in our cohort the patients with altered DLCO were
mainly women and had more prevalence of smoking history, higher
C-reactive protein and D-dimer concentration during admission, and
more severe pneumonia. In the linear regression analysis, female sex,
smoking history, and D-dimer levels were associated with lower DLCO

values (Table 2). Median DLCO values for women (84 [74–93]),
patients with smoking history (84 [74.5–96]), or those admitted to the
ICU (78 [63–92.5]) were lower in comparison with men (91
[82–102]), never-smokers (88 [81–99]), and those with nonsevere
pneumonia (88 [82–99]). In addition, from admission to pulmonary
function tests appointment, pulmonary embolism was detected in 15
(7%) patients. ICU admission was more frequent in these patients
(11/15 vs. 29/200; P, 0.001). These patients showed worse DLCO

values compared with those without pulmonary embolism diagnosis
(74 [59–94] vs. 88 [81–99]; P5 0.025). The Spearman correlations
between the peak of C-reactive protein and D-dimer levels with DLCO

were20.127 (P5 0.062) and20.238 (P, 0.001), respectively.
In our study, we found lower prevalence of altered DLCO (24.7%)

compared with smaller studies such as Mo and colleagues (47.2%)
and Shah and colleagues (52%) but more similar to that reported by
Zhao and colleagues (16.4%, 9/55) in a cohort without severe cases (2,
4, 6). In the first one, PFT was performed before discharge, and in the
last one, PFT was performed 3months after discharge. Our data,
together with these others, support the hypothesis that too early a
functional assessment is likely to overestimate the chronic impact of
disease on DLCO.

We found sex differences nDLCO that could be associatedwith sex-
specific airway response to the disease as occurs inwomenwith
emphysema, who had thicker small airways (7, 8). In some studies,
impairedDLCO and persistence of symptomswas alsomore prevalent in
women (4, 9), but these sex differences should be further explored and
clarified. Chronic respiratory diseasewas not associatedwithworseDLCO

values.However, the patients were predominantly asthmatic and the
prevalence of chronic obstructive pulmonary disease or interstitial lung
diseaseswas low.On the other hand, smoking historywas associated
with poorerDLCO, as expected. Finally,maximumD-dimer levels were
also associatedwith lower diffusion capacity. Severe COVID-19 is
associatedwith unspecific diffuse alveolar damage, characterized by
edema, hemorrhage, and fibrin deposition (10). In addition, COVID-19
causes relevant vascular changes with characteristics ofmicroangiopathy
such as thrombosis, necrosis, or abnormal neoangiogenesis (10). This
fact could be related to poorerDLCO in survivors and should be
prospectively evaluated in the long term.

Our study has several limitations. This is a single-center study
with a limited number of cases, and further studies are needed to
validate our findings. In addition, we lack previous functional data
preventing its comparison. In any case, the model was adjusted for
chronic respiratory disease and smoking history to overcome this
limitation. Nonetheless, to the authors’ knowledge, this is the largest
follow-up study with PFT evaluation in COVID-19.

In the last international guidance on the management of
COVID-19, 60% of experts were in favor of routine posthospital PFT
within 30–60 days regardless of the disease severity (11). An accurate
early identification of patients requiring follow-up PFT is complex
and larger studies are needed.
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Table 1. Baseline characteristics and altered diffusing capacity of the lung for carbon monoxide

Variables Total (N5215) Normal DLCO (N5162) Altered DLCO (N5 53)

Demographics
Age, yr 55 (47, 66) 54 (46, 65) 59 (49, 68)
Male sex 130 (60.5) 106 (65.4) 24 (45.3)

Smoking
Former or current 64 (29.8) 44 (27.2) 20 (37.7)

Coexisting conditions
Hypertension 67 (31.2) 47 (29) 20 (37.7)
Diabetes 32 (14.9) 26 (16) 6 (11.3)
Dyslipidemia 57 (26.5) 41 (25.3) 16 (30.2)
Chronic heart disease 12 (5.6) 7 (4.3) 5 (9.4)
Chronic renal disease* 3 (1.4) 1 (0.6) 2 (3.8)
Chronic respiratory disease† 27 (12.6) 19 (11.7) 8 (15.1)

Radiological data
Number of lobes with infiltrates 2 (1–4) 2 (1–4) 2 (1–4)

Analytical parameters
Peak CRP, mg/L‡ 89.5 (42.3–163.4) 80.1 (41–154.8) 110.3 (55.6–253.2)
Peak D-dimer, ng/ml‡ 941 (485–1,706) 772.5 (437–1,530) 1,295 (577–6,982)

Respiratory support
Need for supplemental oxygen 111 (51.6) 79 (48.8) 32 (60.4)

Severity
ICU admission 40 (18.6) 19 (11.7) 21 (39.6)

PFT
FVC, % 106 (96–116) 109 (99–116) 100 (90–110)
FEV1, % 103 (92–113) 105 (96–115) 96 (85–105)
FEV1/FVC 78.9 (75.3–83.5) 78.9 (75.5–83.5) 78.9 (74.3–83.6)
DLCO, % 88 (80–99) 93 (85–103) 70 (60–75)
DLCO/VA 102 (90–112) 105 (96–115) 86 (80–90)

Definition of abbreviations: CRP5C-reactive protein; DLCO5diffusing capacity of the lung for carbon monoxide; FEV15 forced expiratory volume
in 1 second; FVC5 forced vital capacity; ICU5 intensive care unit; PFT5pulmonary function test; VA5 alveolar volume.
Data are summarized as n (%) or median (first, third quartile), as appropriate.
*Stage $2.
†Four patients with chronic obstructive pulmonary disease, 16 with asthma, and 7 with other chronic respiratory diseases.
‡Maximum concentration during admission.

Table 2. Multiple linear regression analysis for DLCO percentage
estimation after COVID-19 admission

Variables Estimate* SE 95% CI P Value

Age 20.07 0.1 20.27 to 0.12 0.455
Male sex 7.64 2.49 2.73 to 12.55 0.002
Former or current

smoking
25.06 2.62 210.22 to 0.11 0.055

Chronic respiratory
disease

1.91 3.64 25.26 to 9.08 0.599

Log peak CRP 0.131 2.85 25.49 to 5.75 0.964
Log peak D-dimer 27.20 2.80 212.72 to 21.69 0.011
ICU admission 26.26 4.09 214.32 to 1.81 0.128

Definition of abbreviations: CI5 confidence interval; COVID-
195 coronavirus disease; CRP5C-reactive protein; DLCO5diffusing
capacity of the lung for carbon monoxide; ICU5 intensive care unit;
SE5 standard error.
*Estimated percentage point change in DLCO.
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Association of Controller Use and Exacerbations for
High-Deductible Plan Enrollees with and without
Family Members with Asthma

To the Editor:

High out-of-pocket costs can be a barrier to asthma controller
medication use for children and adults (1–6). Families in high-
deductible health plans (HDHPs) face annual average deductibles of
.$3,000 (7) andmust balance the heathcare needs and costs of
multiple members. Exempting important services such as
medications from the deductible and applying copayments may
mitigate these barriers (8), although deductible costs for other services
in HDHPs could strain family budgets and lead to underuse of
medications and other health care for some family members in
preference to others (9, 10). We evaluated whether the impact of
HDHPs on asthma controller medication use and exacerbations is
worse for families with multiple members with asthma.

Methods
Using a cohort of enrollees aged 4–64 years with commercial
coverage in a large national commercial andMedicare Advantage
claims database between January 1, 2002, and December 31, 2014, we
identified those with$12 months’ enrollment in a traditional plan

with a low (,$500) or no deductible (baseline) who either were
switched by their employer to a plan with an individual deductible of
$$1,000 or remained in the traditional plan (controls) for another 12
months (follow-up) among employers who offered only one
deductible level per benefit year (Figure 1). An index date separated
the baseline and follow-up periods. We directly measured deductible
levels when available and otherwise imputed this information using
aggregated enrollee out-of-pocket spending within employers (11,
12). HDHPs required higher cost sharing for specialist, acute care,
and emergency department visits than traditional plans; prescription
drugs were usually subject to copayments, except for Health Savings
Account–eligible HDHPs that subjected all nonpreventive care to the
deductible. We included enrollees who met Health Effectiveness Data
and Information Set criteria for persistent asthma before baseline
(13). We identified enrollees who had another family member in the
study population with persistent asthma sharing their insurance plan
and selected one enrollee per family.

Wemeasured 30-day controller medication fills by identifying all
fills for inhaled corticosteroids (ICS), leukotriene inhibitors (LTI),
and ICS–long-acting b-agonists (ICS-LABA) in pharmacy claims and
used the days’ supply recorded for each fill to calculate the number of
30-day fills per enrollee per medication type in each study period. In
the follow-up period, we measured the percentage of enrollees whose
controller fills were subject to the deductible and the mean
copayment per fill for those paying copayments. We measured
asthma exacerbations using rates of oral corticosteroid (OCS) bursts,
defined as a dispensing of a 3–21 days’ supply without a dispensing in
the prior 30 days (14).

We used a coarsened exact matching approach that balanced
employer propensity to switch to offering HDHPs and enrollee-level
propensity to work for these employers (Table 1) (11, 12, 15–17).
We applied match-generated weights in all analyses (12, 15, 17, 18).
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