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Abstract
Background: Smokers with and without chronic obstructive 
pulmonary disease (COPD) are at risk of severe outcomes like 
exacerbations, cancer, respiratory failure, and decreased sur-
vival. The mechanisms for these outcomes are unclear; how-
ever, there is evidence that blood lymphocytes (BL) number 
might play a role. Objective: The objective of this study is to 
investigate the relationship between BL and their possible 
decline over time with long-term outcomes in smokers with 
and without COPD. Methods: In 511 smokers, 302 with COPD 
(COPD) and 209 without COPD (noCOPD), followed long 
term, we investigated whether BL number and BL decline 
over time might be associated with long-term outcomes. 
Smokers were divided according to BL number in high-BL 
(≥1,800 cells/µL) and low-BL (<1,800 cells/µL). Clinical fea-
tures, cancer incidence, and mortality were recorded during 

follow-up. BL count in multiple samples and BL decline over 
time were calculated and related to outcomes. Results: BL 
count was lower in COPD (1,880 cells/µL) than noCOPD 
(2,300 cells/µL; p < 0.001). 43% of COPD and 23% of noCOPD 
had low-BL count (p < 0.001). BL decline over time was high-
er in COPD than noCOPD (p = 0.040). 22.5% of the whole co-
hort developed cancer which incidence was higher in low-BL 
subjects and in BL decliners than high-BL (31 vs. 18%; p = 
0.001) and no decliners (32 vs. 19%; p = 0.002). 26% in the 
cohort died during follow-up. Furthermore, low-BL count, BL 
decline, and age were independent risk factors for mortality 
by Cox regression analysis. Conclusion: BL count and BL de-
cline are related to worse outcomes in smokers with and  
without COPD, which suggests that BL count and decline 
might play a mechanistic role in outcomes deterioration. In-
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sights into mechanisms inducing the fall in BL count could 
improve the understanding of COPD pathogenesis and 
point toward new therapeutic measures.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Cigarette smoke is the major risk factor for the devel-
opment of chronic obstructive pulmonary disease 
(COPD), the third leading cause of death worldwide [1]. 
The disease is characterized by an abnormal innate and 
adaptive immune inflammation comprising neutrophils, 
monocytes, and T and B lymphocytes [2–4], which is re-
sponsible for the airway and parenchymal abnormalities 
leading to the progressive airflow limitation and respira-
tory failure, characteristic of the disease [1].

Because lymphocytes traffic between inflammatory 
sites, lymph nodes, and systemic circulation [5], the idea 
that cigarette smoke causes not only lung but also sys-
temic inflammation with consequent comorbid effects 
has been pursued [6, 7]. In favor of this possibility was the 
description in 1971 that cigarette smoking was associated 
with an increase in blood leukocytes which was related to 
the amount smoked [8].

The eventual awareness of the role of lymphocytes in 
COPD pathogenesis [9–11] prompted numerous stud-
ies assessing the possible associations of peripheral 
blood lymphocytes (BL) with smoking and COPD. 
These investigations established that the absolute lym-
phocyte number was increased in smokers, with a ten-
dency toward increased CD4+ but not CD8+T cells and 
a slightly increased CD4+/CD8+ ratio [12, 13]. Con-
versely, in COPD, CD4+T cells were lower than in nor-
mal subjects, while CD8+T cells were similar with a de-
creased CD4+/CD8+ ratio [14–16]. Yet the potential ef-
fects of the lymphocyte changes in COPD clinical 
outcomes and survival were never assessed. It is now 
evident that a decrease in the absolute BL count is asso-
ciated with subsequent mortality in the “healthy elderly” 
and also with poor prognosis and increased mortality in 
other conditions like connective tissue diseases, sarcoid-
osis, bacterial infections, congestive heart failure, and 
cancer [17, 18].

In the last few years, the ratio of BL in relation to neu-
trophils (the neutrophil-to-lymphocyte ratio (NLR))  has 
been used as a possible biomarker for inflammation in 
COPD [19]. An association between NLR and disease se-
verity, exacerbations, and higher hospitalization rate has 
been reported [19].

More recently, in COPD, BL have been analyzed alone 
since increases in NLR are most often due to low-lympho-
cyte count, and lymphocytes are not as much influenced 
by acute events as the neutrophils. A recent post hoc study 
showed that a single determination of BL, monocytes, 
and eosinophils was predictive of 3-year change in lung 
function, with high lymphocytes being predictive of a bet-
ter functional outcome [20]; however, other long-term 
outcomes like severe exacerbations, cancer, and mortality 
were not evaluated. In another recent study, it has been 
reported that a low lymphocyte proportion in peripheral 
blood was associated with higher mortality in elderly peo-
ple with severe COPD [21].

Based on these findings, we wanted to investigate the 
relationship between BL and their possible decline over 
time with long-term outcomes, including cancer devel-
opment and mortality, in smokers without and with 
mild-to-severe COPD [22]. For this purpose, we used an 
ongoing cohort of smokers with COPD (COPD) and 
without COPD (noCOPD), free of significant comorbid 
conditions at recruitment, followed longitudinally for 5 
years.

Methods

Study Population
Participants were recruited among smokers who first attended 

the Pulmonary Clinic at the Hospital Universitario Miguel Servet 
(Zaragoza, Spain) requesting to be included in a smoking cessation 
program or referred by other doctors to assess their respiratory 
health between October 2010 and April 2014. The inclusion and 
exclusion criteria are detailed in online suppl. Fig. 1; for all online 
suppl. material, see www.karger.com/doi/10.1159/000515180.

At baseline, all subjects were clinically stable, free of major co-
morbidities, not having had any exacerbations or oral corticoste-
roid and antibiotic therapy for at least 8 weeks. Subjects with asth-
ma or history of asthma, bronchiectasis, autoimmune diseases,  
hematological diseases, other respiratory diseases or coexisting 
malignancy at recruitment were excluded. This study was ap-
proved by human-research review board (IRB.12/2010), and all 
patients provided informed written consent before any procedure 
was done.

Measurements and Follow-Up
At baseline, subjects underwent a comprehensive functional 

and clinical examination (online suppl. data). All subjects had a 
prior lung function test and blood cell count obtained in stable 
conditions before study entry. COPD was defined by FEV1/FVC 
<0.70 post-bronchodilator, and severity was defined  by GOLD 
spirometry criteria [1]. Complete blood cell count was measured 
at baseline and at every follow-up visit, which was done in stable 
conditions approximately every year. The change in BL number 
over time was calculated in all subjects comparing the first and the 
last sample as described by Lin et al. [23]. Subjects in whom BL 
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number had a decrease of at least 1% per year compared to the ini-
tial value in at least 3 years of follow-up, were classified as declin-
ers. In a subgroup of 18 subjects, 8 COPD and 10 noCOPD, the 
percentages of T-CD3+, T-helper (CD3+CD4+), T-cytotoxic 
(CD3+CD8+), B (CD3−CD19+), and NK cells (CD3−CD16+CD56+) 
in peripheral blood were determined by flow cytometry (online 
suppl. data).

The annual frequency and type of exacerbations, as defined by 
recent guidelines [1], were collected at every follow-up visit. The 
incidence of comorbidities, including cancer, was prospectively re-
corded at every follow-up visit; all-cause mortality and cause of 
death were recorded up to October 2018.

Statistical Analysis
Comparisons among groups were evaluated with Kruskal-

Wallis and Mann-Whitney U tests. Distributions of categorical 
variables were compared with the χ2-test. Logistic regression anal-
ysis was used to adjust for potential confounding factors. In order 
to confirm if BL sequentially declined from baseline in every fol-
low-up visit, the Friedman’s test for repeated measures was used. 
Analyses of overall survival were performed using Kaplan-Meier 
survival curves. Multivariate Cox proportional hazard regression 
model was used to evaluate independent prognostic factors, after 
adjusting for all non-time dependent and time dependent covari-
ates (online suppl. data).

Results

Demographic and Clinical Characteristics
Of the 1,323 eligible smokers seen in outpatient clinic, 

511 [302 COPD and 209 noCOPD] met the inclusion cri-
teria for the study (in the online suppl. Fig. 1). COPD 
were older, smoked more, and had lower FEV1 than no-
COPD. COPD had higher prevalence of chronic bronchi-
tis, had more dyspnea and had more exacerbations than 
noCOPD (Table  1). The mean follow-up time for the 
whole cohort was 5.25 ± 1.79 years.

Blood Lymphocyte Count
The absolute BL number in each of the available samples 

was lower in COPD than in noCOPD. Figure 1a shows  
that the BL count in every blood sample (1, 2, 3, 4, and 5) 
were significantly lower in each COPD sample than the cor-
responding sample in noCOPD (p < 0.001). The mean of all 
samples in each patient was used for statistical analysis.

Figure 1b and online suppl. Figure 2 show that the me-
dian BL count in COPD (1,880 cells/μL), even if within 

Table 1. Clinical and functional characteristics of all smokers, noCOPD and COPD

All smokers NoCOPD COPD p value

Subjects, n (%) 511 209 (41) 302 (59) –
Male, n (%) 423 (83) 147 (70) 276 (91) <0.001
Female, n (%) 88 (17) 62 (30) 26 (9)
Age, years 58±10 52±11 62±8 <0.001
Smoking history, pack years 43±24 35±19 49±25 <0.001
FEV1 post-bronchodilator, L 2.34±0.85 2.88±0.78 1.96±0.67 <0.001
FEV1 post-bronchodilator, % predicted 79±22 95±15 68±19 <0.001
FEV1/FVC post-bronchodilator, % 64±15 78±5 54±11 <0.001
MEF 25–75 post-bronchodilator, % predicted 47±29 75±21 27±13 <0.001
Decline of FEV1 per year, mL/year 32±46 33±37 31±52 0.553
Subjects with chronic bronchitis, n (%) 193 (38) 56 (27) 137 (45) <0.001
Subjects with mMRC ≥2, n (%) 214 (42) 71 (34) 143 (47) 0.006
CAT score 9.72±7.03 9±6.89 10.22±7.10 0.042
Distance at 6 min walking test, m 419±122 481±114 376±109 <0.001
Total exacerbations per year, n 0.79±1.54 0.49±1.05 1.00±1.78 <0.001
Severe exacerbations per year, n 0.05±0.14 0.03±0.09 0.06±0.17 0.024
Subjects who developed comorbidities, n (%) 418 (82) 160 (77) 258 (85) <0.001
Subjects who developed cancer, n (%) 115 (23) 35 (17) 80 (26) 0.006
BL, cells/µL 2,020 (1,620–2,533) 2,300 (1,827–2,920) 1,880 (1,495–2,420) <0.001
Subjects with BL <1,800/µL (low-BL), n (%) 178 (35) 48 (23) 130 (43) <0.001
Subjects with BL decline over time, n (%) 237 (50) 89 (47) 148 (52) 0.180
BL reduction, % of initial value/year*(in all subjects) 0.00 (−4.18 to 4.03) 0.00 (−4.66 to 3.16) 0.57 (−3.67 to 4.58) 0.040
BL reduction, % of initial value/year (in decliners only) 4.04 (2.01–7.22) 3.32 (1.37–6.04) 4.44 (2.17–7.90) 0.026
GOLD 1, n (%) – – 81 (27) –
GOLD 2, n (%) – – 169 (56) –
GOLD 3–4, n (%) – – 52 (17) –

Data are presented as n (%), mean ± SD, or median (interquartile range), p value refers to Mann-Whitney test or χ2 test, for comparisons between  
noCOPD and COPD. Significant p values in bold. COPD, chronic obstructive pulmonary disease; noCOPD, without COPD; COPD, with COPD; BL, blood 
lymphocytes. * Negative values mean gain.
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normal limits, is significantly lower than the median BL 
count in noCOPD (2,300 cells/µL; p < 0.001). In order to 
have an easier to handle number as a cutoff, we rounded 
the COPD median BL count of 1,880 cells/μL to 1,800 
cells/µL, a value used before in another publication [24]. 
The value of 1,800 cells/µL was used as cutoff to define 
low-BL (<1,800 cells/µL) and high-BL (≥1,800 cells/µL). 
43% of COPD and 23% of noCOPD had low-BL count  
(p < 0.001; Table 1). There was no difference in lympho-
cyte count in peripheral blood between active smokers 
and former smokers neither in the whole population nor 
in the noCOPD and COPD groups (p = 0.195) (online 
suppl. data). Among COPD subjects, there was no differ-
ence in BL count between inhaled corticosteroids-treated 
and nontreated patients (p = 0.288). BL flow cytometry 
analysis showed that COPD with low-BL had lower per-
centages of TCD4+ and B lymphocytes, increased per-
centages of TCD8+ and NK cells, and lower CD4+/CD8+ 
ratio than COPD with high-BL and noCOPD (online 
suppl. Fig. 3).

Change in Blood Lymphocyte Count over Time
For the calculation of BL decline in our population, we 

have followed the concepts published by Lin et al. [23] 
who found, in a longitudinal analysis of T and B lympho-
cytes over a 5 years follow-up, that CD4 cells tend to de-
cline at a rate ranging from −120 to +170 cells/μL/year 
and an average of 9.8 cells/μL/year. The change in BL 
number over time in our population was calculated com-
paring the first and the last sample as described by Lin et 
al. [23]. Decliners were defined as subjects whose BL 
count was decreased by at least 1% per year (compared to 
the initial value) in at least 3 years of follow-up. A 1% de-
cline in a subject with an initial BL value of 1,800 cells/μL 
would correspond to a loss of 18 cells/μL/year, a value in 
keeping with the 9.8 cells/μL/year found by Lin et al. [23]. 
In decliners, statistical analysis using Friedman’s test for 
repeated measures confirmed a significant decrease in 
lymphocyte number from baseline to every follow-up vis-
it (p < 0.001). On the contrary in no decliners, lymphocyte 
number increased significantly over time (p < 0.001 by 
Friedman’s test).
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Fig. 1. BL count and distribution. (a) Mean BL count at each of the 
5 blood samples in COPD and noCOPD (noCOPD number of pa-
tients: Sample 1 n = 209, Sample 2 n = 209, Sample 3 n = 188, Sam-
ple 4 n = 173, and Sample 5 n = 153; COPD: Sample 1 n = 302, 
Sample 2 n = 302, Sample 3 n = 285, Sample 4 n = 262, and Sample 
5 n = 235). *indicates a significant lower BL number in each COPD 
blood sample than the corresponding noCOPD sample (*p < 0.001 

for every sample comparison). (b) Distribution of BL (mean of all 
samples) in COPD (red line) and noCOPD (green line); vertical 
lines show median in COPD and noCOPD (1,880 vs. 2,300 cells/
μL; p < 0.001). COPD, chronic obstructive pulmonary disease; no-
COPD, without COPD; COPD, with COPD; BL, blood lympho-
cyte.
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In both COPD and noCOPD, BL count decreased over 
time in about 50% of subjects (decliners) and increased or 
remained stable in the other half (no decliners). The BL 
decline was higher in all COPD cases than in all noCOPD 
(p = 0.040), and this difference was magnified when only 
decliners were considered (p = 0.026; Table 1).

Blood Lymphocyte Count and Clinical Characteristics
Table  2 shows the characteristics of COPD and no-

COPD with low or high BL. NoCOPD with low-BL were 
older and had higher FEV1 decline than noCOPD with 
high-BL (p = 0.001 and p = 0.05, respectively). COPD with 
low-BL, in spite of similar lung function, were more dys-
pneic, had higher CAT score and performed worse in the 
6-min walking test than COPD with high-BL (p < 0.001, 
p = 0.008, p < 0.001, respectively; online suppl. Fig. 4). In 
COPD, BODE index was significantly higher in subjects 
with low-BL than those with high-BL (2.8 ± 2.4 vs. 1.7 ± 

1.6; p < 0.001) [25]. BL numbers were similar in all GOLD 
stages.

In COPD, 53% (n = 161) exacerbated at least once dur-
ing the follow-up and those with low-BL had more exac-
erbations than those with high-BL (1.27 vs. 0.80 exacerba-
tions/year; p = 0.028) (Table  2; online suppl. Fig. 5). 
COPD developed more comorbidities other than cancer 
(85%) than noCOPD (77%; Table 1) with no relation to 
BL count (Table 2).

When these analyses were performed using only the 
baseline BL value instead of the mean of all 5 samples, the 
main results were confirmed. In particular, subjects with 
COPD and low-BL at baseline were more dyspneic, had 
higher CAT score, performed worse in the 6-min walking 
test, and had a higher BODE index than COPD with high-
BL (p = 0.013, p = 0.022, p = 0.028, p = 0.023, respectively). 
COPD with low-BL had also more exacerbations than 
those with high-BL (p = 0.049).

Table 2. Clinical and functional characteristics of noCOPD and COPD with low-BL (<1,800/μL) and high-BL (≥1,800/μL)

NoCOPD COPD

BL <1,800/μL BL ≥1,800/μL p BL <1,800/μL BL ≥1,800/μL p value

Subjects, n (%) 48 (23) 161 (77) – 130 (43) 172 (57) –
Male, n (%) 37 (77) 110 (68) 0.162 122 (94) 154 (90) 0.167
Female, n (%) 11 (23) 51 (32) 8 (6) 18 (10)
Age, years 57±11 50±10 0.001 64±7 60±8 <0.001
Smoking history, pack years 40±25 33±16 0.120 50±24 49±26 0.568
FEV1 post-bronchodilator, L 2.83±0.82 2.90±0.76 0.687 1.90±0.67 2.01±0.67 0.114
FEV1 post-bronchodilator, % predicted 97±18 95±14 0.467 67±20 69±19 0.363
FEV1/FVC post-bronchodilator, % 77±4 79±5 0.063 53±12 55±11 0.107
MEF 25–75 post-bronchodilator, % predicted 74±21 76±22 0.653 26±14 28±13 0.129
Decline of FEV1 per year, mL/year 43±41 30±35 0.050 35±49 28±53 0.464
Subjects with chronic bronchitis, n (%) 8 (17) 48 (30) 0.049 66 (51) 71 (41) 0.064
Subjects with mMRC ≥2, n (%) 20 (42) 51 (32) 0.391 78 (60) 65 (38) <0.001
CAT score 8.28±5.74 9.21±7.19 0.662 11.50±7.41 9.26±6.71 0.008
Distance at 6 min walking test, m 468±123 485±112 0.543 344±125 399±89 <0.001
Total exacerbations per year, n 0.56±1.08 0.47±1.05 0.256 1.27±2.25 0.80±1.29 0.028
Severe exacerbations per year, n 0.04±0.11 0.03±0.78 0.244 0.08±0.21 0.04±0.11 0.046
Subjects who developed comorbidities, n (%) 38 (79) 122 (76) 0.392 109 (84) 149 (87) 0.302
Subjects who developed cancer, n (%) 15 (31) 20 (12) 0.004 40 (31) 40 (23) 0.091
Subjects with BL decline over time, n (%) 23 (55) 66 (45) 0.294 69 (57) 79 (48) 0.072
BL reduction , % of initial value/year* 

(in all subjects)
1.53 (−4.08 to 4.91) 0.00 (−4.94 to 2.49) 0.161 1.65 (−2.49 to 6.35) 0.00 (−4.58 to 3.58) 0.029

BL reduction  % of initial value/year
(in decliners only)

4.72 (3.25–7.35) 2.89 (1.22–4.87) 0.015 5.42 (2.36–8.83) 3.72 (2.08–7.04) 0.104

GOLD 1, n (%) – – – 34 (26) 47 (27) 0.217
GOLD 2, n (%) – – – 68 (52) 101 (59)
GOLD 3–4, n (%) – – – 28 (22) 24 (14)

Data are presented as n (%) or mean ± SD, p value refers to Mann-Whitney test or χ2 test. Significant p values in bold. COPD, chronic obstructive 
pulmonary disease; noCOPD, without COPD; COPD, with COPD; BL, blood lymphocytes. * Negative values mean gain.
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Blood Lymphocyte Count and Cancer
In our cohort, 115 of 511 subjects (22.5%) developed 

cancer during follow-up. The incidence was higher in 
COPD than in noCOPD (26 vs. 17%, p = 0.006; Table 1). 

Of interest, lung cancer represented only 14% of all can-
cers in noCOPD and 36% in COPD. The most frequent 
cancers were lung, prostate, and gastrointestinal in COPD 
and prostate, bladder and lung in noCOPD (Fig.  2b). 
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Fig. 2. Incidence of cancer in the study cohort. (a) Incidence of 
cancer according to BL count. Percentage of subjects who devel-
oped all types of cancer according to intervals of BL number (from 
0 to 1,000 cells/μL to >4,000 cell/μL; χ2-test, p = 0.004 among all 
intervals). (b) Percent of the different types of cancer developed by 
the 35 noCOPD and the 80 COPD. The most frequent cancers 

were prostate (n = 8), bladder (n = 7), and lung (n = 5) in noCOPD 
and lung (n = 29), prostate (n = 16), and gastrointestinal (n = 11) 
in COPD. COPD, chronic obstructive pulmonary disease; no-
COPD, without COPD; COPD, with COPD; BL, blood lympho-
cytes.
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There was an important inverse relation between BL 
count and cancer incidence, so as BL number decreased, 
cancer incidence increased (p = 0.004; Fig. 2a).

In the whole cohort, subjects with low-BL had a high-
er cancer incidence than those with high-BL (31 vs. 18%; 
p = 0.001). A higher cancer incidence was also observed 
in BL decliners compared to no decliners (32 vs. 19%; p = 
0.002). In noCOPD, subjects with low-BL had a higher 
incidence of any type of cancer (31 vs. 12%; p = 0.004) and 
lung cancer (10 vs. 0%; p = 0.001) than subjects with high-
BL. Subjects with BL decline had a higher incidence of any 
type of cancer than no decliners (22 vs. 14%; p = 0.040). 
In COPD, the incidence of any type of cancer (32 vs. 19%; 
p = 0.002) and of lung cancer (14 vs. 5%; p = 0.011) was 
higher in BL decliners than in no decliners. The propor-
tion of the 88 females in the cohort developing lung can-
cer (6.8%) was similar to that of males (6.6%), while a 
higher percentage of males (17.9%) than females (5.6%) 
developed other cancers.

Blood Lymphocyte Count and Survival
134 subjects (26%) died during follow-up (114 COPD 

and 20 noCOPD): 41% from respiratory causes, 19% 
from lung cancer, 12% from cardiovascular diseases and 
28% from the other causes (online suppl. Fig. 6). Kaplan-
Meier analysis showed that COPD and noCOPD with 
low-BL had a worse survival than those with high-BL 
(hazard ratio [HR] 3.26, 95% confidence interval [CI] 
2.21–4.83 p < 0.001 in COPD; HR 3.59, 1.43–9.06, p = 
0.004 in noCOPD; Fig.  3). Similarly, BL decliners had 
worse survival than no decliners (HR 2.54, 95% CI 1.67–
3.85, p < 0.001 in COPD; HR 4.52, 95% CI 1.48–13.74,  
p = 0.004 in noCOPD; Fig. 3). Importantly, subjects with 
low-BL who also decline have worse survival than sub-
jects with low-BL who do not decline (p < 0.01 for both 
COPD and noCOPD).

Cox regression analysis showed that among the vari-
ables related to survival, low-BL count (HR 2.477, 95% CI 
1.625–3.777, p < 0.001) and BL decline (HR 6.383, 95% CI 
1.888–21.573, p = 0.003) were independent risk factors 
for all-cause mortality in COPD; in noCOPD, low-BL 
count (HR 3.524, 95% CI 1.239–10.019, p = 0.018) and BL 
decline (HR 4.937, 95% CI 1.495–16.302, p = 0.009) were 
also risk factors for all-cause mortality (Table 3). When 
survival analysis was performed considering only the BL 
value at baseline, all results were confirmed, showing that 
COPD and noCOPD subjects with low-BL had a worse 
survival than those with high-BL (p = 0.011 and p = 0.024, 
respectively).

Lymphocyte Count and Decline
The 4 quadrants (A-B-C-D) in Figure 4 illustrate the 

determinant role of blood Lymphocyte Count and its De-
cline over time (LymphoCoDe) in disease outcomes. In 
COPD, going from stage A (high-BL no decay) to stage D 
(low-BL with decay) symptoms, incidences of cancer (χ2-
test p = 0.003, and 0.008, respectively) and survival (Ka-
plan-Meier p < 0.001) progressively worsen. Progression 
from A to D is independent from the functional GOLD 
stage. In noCOPD, the incidences of cancer (p = 0.001) 
and survival (p < 0.001) also progressively worsen from A 
to D.

Discussion

In an attempt to clarify the possible role of  blood lym-
phocytes in COPD outcomes, we quantified total BL 
number and rate of decline in smokers with COPD and 
without COPD followed long-term and related BL count 
to outcomes in our population. Our results showed that  
COPD, compared to noCOPD, have significantly lower 
numbers of BL, which are associated with significantly 
worse outcomes including functional decay, number of 
exacerbations, cancer incidence, and reduced survival. 
We also found that the decline in BL count over time had 
an additive effect on the worsening outcomes associated 
with low-BL number. These findings point toward a pos-
sible mechanistic role of lymphocyte changes in the pro-
gression of COPD.

BL number in normal populations (range 1,100–4,800, 
median 2,100 cells/µL) exhibits a great degree of interin-
dividual variation, and it is unclear whether these differ-
ences are due to individual’s characteristics that remain 
stable with aging or to possible environmental or other 
factors [23, 26]. The distribution of absolute BL number 
in our population is in keeping with the known normal 
BL variability; however, COPD had a systematic reduc-
tion in BL number and, as a result, 43% of COPD had 
low-BL (<1,800 cells/µL) compared to only 23% no-
COPD.

One of the hallmark alterations in the immune system 
with age is the change in number of the different types of 
lymphocytes in the circulation (CD4+, CD8+, B and NK-
cells), with a rate of change that could be either positive 
or negative (CD4+ ranging from −120 to +170 cells/µL/
year), which is quite heterogeneous across individuals but 
relatively stable in the same individual [23]. BL decline 
and its effects on disease outcomes have never been inves-
tigated.
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Interestingly in our study COPD, whose BL was ini-
tially lower, showed a significantly faster decline in BL 
than noCOPD, an effect independent of age and amount 
smoked. These findings suggest that either subjects with 

an original fast rate of decay, and consequent low-BL, 
might be more prone to develop COPD or that, converse-
ly, the development of COPD could be a factor promoting 
faster decay in BL number.

Hazard ratio for death
BL < 1,800/µL vs. BL ≥ 1,800/µL
3.59 (95% CI 1.43–9.06).
p = 0.004 by log-rank test
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Fig. 3. Survival plots in relation to BL count and lymphocyte de-
cline. Kaplan-Meier plots showing survival (all-cause mortality) in 
relation to BL count and decline during follow-up. (a) NoCOPD  
with low-BL had worse survival  than those with high-BL (p = 
0.004); (b) NoCOPD with BL decline had lower survival than no 

decliners (p = 0.004); (c) COPD with low-BL had worse survival 
than those with high-BL (p < 0.001); (d) COPD with BL decline had 
lower survival than no decliners (p < 0.001). COPD, chronic ob-
structive pulmonary disease; noCOPD, without COPD; COPD, 
with COPD; BL, blood lymphocytes.
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Whichever the cause, we found that worse clinical and 
functional outcomes in smokers are influenced by low-BL 
number and BL decline. BL number was related to FEV1 
as shown before [20]. Furthermore, COPD with low-BL 
despite similar age and lung function, walked significant-
ly lower distance in 6 min (6MWT) and were significant-
ly more dyspneic at rest and during exercise (mMRC 
scale) than those with high-BL (online suppl. Fig. 4). These 
findings highlight the multiple determinants possibly 
contributing to the complex mechanisms of dyspnea.

In COPD, BL number also influenced the frequency of 
moderate and severe exacerbations, which was signifi-
cantly higher in COPD with low-BL than in those with 
high-BL (online suppl. Fig. 5). These findings suggest that 
the presence of low-BL number could be a possible tool 
to alert physicians for the risk of exacerbations in COPD.

At the study entry, all subjects were free of comorbid-
ities including cancer, yet one-fifth of them developed a 
malignancy during follow-up. Remarkably the incidence 
of all types of cancers, including lung, significantly and 
steadily decreased as the absolute number of BL increased 
(Fig. 2a). Compounding the effects of the low-BL num-
ber, subjects who developed cancer had a higher BL de-
cline than those without cancer. This finding was espe-
cially relevant in subjects with COPD in whom the initial 
low-BL number was further decreased by a faster decline, 
worsening the initial low-BL value.

The association of low-BL number with cancer is well 
established in oncology and emphasizes the importance of 
preserving a pool of functioning lymphocytes in the cir-
culation [27, 28]. The range of BL count seen in most of 
our cases is within the considered normal range, however, 
a substantial number of subjects, none of whom had can-
cer at the study entry, had BL count well into the so-called 
lymphopenia grade 1 (800–1,000 cells/µL) and even grade 
2 (500–800 cells/µL), as defined in the cancer literature 
[27]. The low-BL count along with the fast BL decline very 
likely have an important local but also systemic effect in 
cancer development in smokers and could be useful to 
predict its development in the lung and beyond [29]. Of 
interest, it has been reported that in patients with new pul-
monary nodules noted on chest films, low percentile of 
lymphocytes averaged over a three-week period distin-
guished bronchogenic carcinoma patients from patients 
with benign lesions with 95 percent overall accuracy [30].

Of the 511 subjects in our cohort, 134 (26%) (114 
COPD, 20 noCOPD) died during the follow-up. The as-
sessment of the effects of BL number and BL decline on 
all-cause mortality showed that subjects with low-BL and 
BL decline had a significantly higher mortality than sub-
jects with high BL and no decliners. A recent large popu-
lation study reporting an important association of mor-
tality with BL count, confirms that mortality starts in-
creasing when BL values are below 1,800 cells/µL [26].

Table 3. Cox regression analysis for survival of noCOPD and COPD

Risk factor Univariate analysis Cox regression

p value HR 95% CI p value

NoCOPD
Low-BL, <1,800 cells/µL <0.001 3.524 1.239–10.019 0.018
BL decliners <0.001 4.937 1.495–16.302 0.009
FEV1 post-BD, % pred. 0.071 – – –
Total exacerbations per year, n 0.48 – – –
Comorbidities, n 0.047 – – –
mMRC ≥ 2 and/or CAT ≥ 10 0.25 – – –

COPD
Low-BL, <1,800 cells/µL <0.001 2.477 1.625–3.777 <0.001
BL decliners <0.001 6.383 1.888–21.573 0.003
FEV1 post-BD, % pred. <0.001 0.989 0.979–1.000 0.061
Total exacerbations per year, n 0.010 – – –
Comorbidities, n 0.776 – – –
mMRC ≥2 and/or CAT ≥ 10 0.026 – – –

Data were also adjusted for age, sex, and smoking history. HR, hazard ratio; CI, confidence interval. Significant 
p values in bold. COPD, chronic obstructive pulmonary disease; noCOPD, without COPD; COPD, with COPD; 
BL, blood lymphocytes; HR, hazard ratio; CI, confidence interval.
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NoCOPD

Low-BL

1,800 cells/μL

High-BL

No decliners BL decliners

% of subjects: 10%
• Exacerbations/year: 0.50 ± 0.70
• Subjects with mMRC ≥ 2 and/or
   CAT ≥ 10: 53%
• Subjects with cancer: 26%
• Subjects with died: 5%
C

A

% of subjects: 43%
• Exacerbations/year: 0.53 ± 1.21
• Subjects with mMRC ≥ 2 and/or
  CAT ≥ 10: 51%
• Subjects with cancer: 11%
• Subjects who died: 4%

D

B

% of subjects: 12%
• Exacerbations/year: 0.67 ± 1.41
• Subjects with mMRC ≥ 2 and/or
  CAT ≥ 10: 43%
• Subjects with cancer: 39% *†
• Subjects who died: 43% *‡

% of subjects: 35%
• Exacerbations/year: 0.45 ± 0.90
• Subjects with mMRC ≥ 2 and/or
  CAT ≥ 10: 47%
• Subjects with cancer: 17%
• Subjects with died: 9% 

* Significantly different from A
† Significantly different from B
‡ Significantly different from C

COPD

Low-BL

1,800 cells/μL

High-BL

No decliners BL decliners

C

A

% of subjects: : 18%
• Exacerbations/year: 1.40 ± 2.04 †
• Subjects with mMRC ≥ 2 and/or
  CAT ≥ 10: 73% *
• Subjects with cancer: 27%
• Subjects who died: 40% *

• Subjects GOLD 3–4: 27%

% of subjects: : 30%
• Exacerbations/year: 0.79 ± 1.14
• Subjects with mMRC ≥ 2 and/or
  CAT ≥ 10: 48%
• Subjects with cancer: 15%
• Subjects who died: 14% *

• Subjects GOLD 3–4: 14%

D

B

% of subjects: : 24%
• Exacerbations/year: 1.24 ± 2.51
• Subjects with mMRC ≥ 2 and/or
  CAT ≥ 10: 68% *
• Subjects with cancer: 36% *
• Subjects who died: 67% *†‡

• Subjects GOLD 3–4: 19%

% of subjects: : 28%
• Exacerbations/year: 0.84 ± 1.47
• Subjects with mMRC ≥ 2 and/or
  CAT ≥ 10: 57%
• Subjects with cancer: 33% *
• Subjects who died: 33% *

• Subjects GOLD 3–4: 14%

* Significantly different from A
† Significantly different from B
‡ Significantly different from C

Fig. 4. Clinical outcome progression in relation to LymphoCoDe. 
Figure illustrates the progression of different outcomes in both 
noCOPD and COPD according to BL count (high-BL in A, B, low-
BL in C, D) and BL decline (no decliners in A, C, BL decliners in 
B, D). NoCOPD: the percentage of subjects developing cancer in-
creases significantly from A and B to D (χ2-test p = 0.001 and 0.026, 
respectively). Survival significantly decreases from A, B and C to 
D (Kaplan-Meier analysis, p < 0.001, p < 0.001, and p = 0.009, re-
spectively). COPD: exacerbations/year increase from B to C (χ2-
test p = 0.041). The percentage of subjects with mMRC ≥2 and/or 
CAT ≥10 increases from A to C and D (χ2-test p = 0.004 and 0.012, 

respectively). The percentage of subjects developing cancer in-
creases significantly from A to B and D (χ2-test p = 0.006 and 0.002, 
respectively). Survival significantly decreases from A, B and C to 
D (Kaplan-Meier analysis, p < 0.001, p = 0.002 and p = 0.006, re-
spectively), and also in the intermediate steps A to B and A to C  
(p = 0.001 and <0.001, respectively). There was no difference in 
percentage of subjects treated with ICS in different quadrants. 
COPD, chronic obstructive pulmonary disease; noCOPD, without 
COPD; COPD, with COPD; ICS, inhaled corticosteroid; Lympho-
CoDe, Lymphocyte Count and Decline; BL, blood lymphocytes.
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The importance not only of BL number but also of BL 
decline in determining COPD and noCOPD outcomes is 
highlighted in the four-quadrant diagram we refer as 
LymphoCoDe (Lymphocyte Count and Decline, Fig. 4). 
As BL number decreases and BL decline worsens from A 
to D, it can be appreciated that all clinical outcomes, from 
dyspnea to survival, significantly deteriorate. Important-
ly, progression from A to D is clearly independent of the 
GOLD functional severity, suggesting that the association 
between low-BL and worse outcomes is beyond the sever-
ity of airflow obstruction. Although count and change in 
BL number could be considered and plausibly used as 
biomarkers for COPD outcomes, it is also possible that 
they might play a mechanistic role in outcome deteriora-
tion.

It is important to notice that not all subjects with initial 
low-BL had a faster decline: about 50% of them did not 
decline or had an increase in BL numbers and better out-
comes. A possible explanation is that the homeostatic 
lymphopenia-induced proliferation (LIP) [31, 32], a com-
plex physiological response that leads to expansion and 
restoration of T-cells during lymphopenic conditions, 
probably preserves lymphocyte numbers in these sub-
jects, a mechanism that fails in subjects who have fast de-
cline in spite of having low lymphocytes. IL-7, a cytokine 
produced by epithelial and endothelial cells in lymphoid 
organs, constitutes one of the key cues controlling LIP 
through signaling to naïve and memory T-cells express-
ing the IL-7Receptor (IL-7R) [31–33].

LIP might be compromised when the availability of 
IL-7 or IL-7R expression is reduced, as it can be seen in 
presence of chronic immune activation [31, 34], a situa-
tion akin to COPD [9]. Furthermore, T-cells expressing 
programmed cell death protein-1 (PD-1) do not undergo 
LIP. On the other hand, PD-1 blockade could facilitate 
LIP and improve the numbers and effector functions of 
T-cells against tumors [31, 35, 36]. Possibly these facts 
might account for the high incidence of tumors and in-
creased mortality seen in smokers with low-BL count and 
BL decay over time.

Lymphopenia has been described as an important fea-
ture in autoimmune diseases, where it might play a mech-
anistic role [37]. In systemic lupus erythematosus, lym-
phopenia can predict flares [38] and is associated with 
decreased survival [39], underlying the similarities be-
tween COPD, a disease with a strong adaptive immune 
component [9], and other autoimmune disorders. The 
decreased CD4+ and B lymphocytes, the increased CD8+ 
and NK cells, and the reduced CD4+/CD8+ ratio found in 
COPD along with the increased CD28- T-cells, have been 

associated with mortality in the elderly, and probably rep-
resent significant risk factors to the described outcomes 
in COPD [23, 40].

Being a single-center study could be a possible limita-
tion of our study. On the other hand, having a population 
of smokers carefully followed longitudinally by the same 
group of physicians ensures an evenness in the data col-
lection. Further larger multicenter studies would be in-
formative about the applicability of our findings. A fur-
ther limitation was the low number of patients in which 
lymphocyte subpopulations were characterized. A larger 
sample might have given a better information about the 
mechanisms related to the BL behavior in this popula-
tion.

The mechanism by which BL changes could influence 
outcomes in smokers, not only in the lung but systemi-
cally, is not clear and will require a detailed study of the 
mechanisms inducing lymphocyte decline and the lack of 
compensation by LIP. Insights into these fields could im-
prove the understanding of the mechanisms of COPD, 
which might guide the development of new therapies.

Conclusion

In conclusion, BL count and BL decline are related to 
worse outcomes in smokers with COPD and without 
COPD, which suggests that BL count and decline might 
play a mechanistic role in outcomes deterioration. In-
sights into mechanisms inducing the fall in BL count 
could improve the understanding of COPD pathogenesis 
and point toward new therapeutic measures. Therapies 
aimed at the restoration of the T-cell repertoire might be 
a future plausible consideration to explore for high-risk 
cases.
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