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Abstract 

Background A deficiency in alpha-1 antitrypsin (A1AD) leads to increased activity of proteolytic enzymes. The conse-
quence is a damage of airways and alveoli and, ultimately, the development of emphysema and chronic obstructive 
pulmonary disease (COPD).

Purpose Gender-specific differences in terms of comorbidities are still unclear due to the rarity of this genetic auto-
somal recessive disease.

Patients and methods This retrospective observational study was conducted from January 1, 2005, to November 
30, 2022, in the Department of Pneumology, HELIOS University-Clinic Wuppertal, University of Witten/Herdecke, 
Germany.

Results Eleven patients with COPD due to A1AD could be included into the study (6 males, 54.5%; 95% CI 23.4–
83.3%) with a mean age of 53.9 ± 11.6 years. The male study participants were of normal weight body mass index 
24.17 ± 4.67, while the females were obese 31.2 ± 4.87 (p = 0.054). More women were smokers (60%, p = 0.567). Fur-
thermore, all of the women had panlobular emphysema (100%, p = 0.455). All subjects suffered from COPD, with most 
male subjects in severe advanced stages (50%, p = 0.545). No case of liver involvement was observed in this study.

Conclusion The findings of this study showed no statistically relevant gender-specific differences in comorbidities 
of patients with COPD due to A1AD.
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Background
The rare hereditary disease alpha-1 antitrypsin deficiency 
(A1AD) leads to destruction of the air sacs in the lungs 
[1]. However, rapid diagnosis, symptomatic therapy, and 
replacement of the missing enzyme can significantly slow 

the progression of the disease. Due to a genetic defect, 
the enzyme A1AT is incorrectly formed in the liver [2]. 
The altered protein cannot be released from the liver into 
the bloodstream, which can damage liver tissue. This also 
causes a deficiency of A1AT in the lungs [2], where the 
enzyme protects the lungs from self-digestion through 
protein-splitting enzymes that are released by the body’s 
own defense cells to protect against bacteria. In the 
case of a large A1AD, the damage to the lungs includes 
attacks on the elastic tissue and destruction of particu-
larly the alveoli [2]. The symptoms and consequences are 
similar to those of chronic obstructive pulmonary disease 
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(COPD) caused by nicotine consumption, with which the 
disease is therefore often confused [3]. However, symp-
toms of A1AD typically appear at a younger age [4]. 
Moreover, in addition to pulmonary emphysema, bron-
chiectasis can also form [5].

Almost every person with COPD also has an accompa-
nying disease affecting another organ system [6]. In the 
case of COPD, concomitant diseases of the heart and 
blood vessels, or risk factors to contract those diseases, 
are particularly common [7]. More than half of patients 
with COPD have vascular calcification or high blood 
pressure. Other common comorbidities include heart 
attacks, diabetes, and high cholesterol levels [8]. Addi-
tionally, over half of people with COPD have four or 
more comorbidities [6].

Different gender-specific conclusions have been pos-
tulated regarding the increased risk of men developing 
COPD due to confounding with the risk factor of smok-
ing [9]. Some studies have suggested an increased risk 
for men due to greater occupational and environmental 
exposures [10–12].

Therefore, the aim of the present study was to obtain 
more comprehensive and precise information about the 
comorbidities of patients with COPD due to A1AD in 
a sex comparison. For this purpose, all necessary data 
were collected on patients with COPD due to A1AD as 
determined by the International Statistical Classifica-
tion of Disease (ICD E88.0) by conducting a search of the 
HELIOS Clinic Wuppertal database at the Witten/Herd-
ecke University in Germany.

Material and methods
Study design and setting
We examined all data relevant to this retrospective obser-
vational study that were collected after treatment from 
the clinical database in the Department of Pneumology 
of the HELIOS Clinic Wuppertal for the period January 
1, 2005, to December 31, 2022.

The HELIOS University Clinic Wuppertal is the larg-
est hospital in the Bergisches Land in the state of North 
Rhine–Westphalia in Germany. It has 1051 beds and 
three locations, as well as 26 specialist departments. 
Since 2004, it has been the first university hospital run by 
a private operator in Germany. The clinic takes in around 
50,000 inpatients and carries out around 100,000 outpa-
tient treatments every year. The Department of Pneumol-
ogy at the HELIOS Clinic in Wuppertal treats all types of 
lung diseases.

Alpha‑1 antitrypsin deficiency
Alpha-1-antitrypsin deficiency is an inherited condi-
tion caused by a gene mutation in which the lungs and 
liver are damaged by low levels of the enzyme A1AT. An 

A1AD can lead to coughing, sputum production, and 
shortness of breath—initially with exertion, but later, also 
at rest. These signs are similar to the symptoms of other 
common lung diseases, such as asthma or COPD [13].

To measure the levels of A1AT in blood serum, a sam-
ple of blood is collected in a test tube, and to determine of 
the type of A1AT damage, the doctor draws blood from a 
fingertip or earlobe. Measuring A1AT levels in the blood 
is more time-consuming. After collection, the blood sam-
ple is sent to an external laboratory. If the A1AT concen-
tration is low, an A1AD may be present [14].

Another option is to use a rapid test on site in the 
doctor’s office. This test enables A1AT to be ruled out 
quickly: After just 15 min, the doctor can find out, with 
a high degree of certainty, whether the patient has the 
greatest risk factor for A1AD, namely, the most com-
mon change in a particular allele—called the Z variant. 
It causes the protein A1AT to change and trigger an 
alpha-1 [15].

Chronic obstructive pulmonary disease (COPD)
COPD is a chronic, usually progressive, airway and 
lung disease characterized by airway obstruction 
that interferes with breathing and is not fully revers-
ible after administration of bronchodilators. Diagnosis 
is by spirometry, and the forced expiratory volume in 
1 s (FEV1) with COPD decreases annually as the disease 
progresses [16].

Pulmonary emphysema
Pulmonary emphysema is the chronic inflation of the 
lungs from air. This increases the volume of gas, making 
it difficult for the person affected by the disease to exhale. 
Typically, not all sections of the lung are involved [17].

Comorbidities
A concomitant disease is one that exists in a patient 
alongside an underlying disease that is the focus of ther-
apy. It is also referred to as an additional diagnosis [18].

Statistical analysis
The mean values were calculated with the specification 
of the standard deviation for age, body mass index, pack 
years, length of hospital stay, and FEV1. These data were 
subjected to the independent-samples parametric T-test 
after checking for normality using the Kolmogorov–
Smirnov test with Lilliefors correction. If the distribu-
tion of scores was not normal, the Mann–Whitney U-test 
was employed. Due to the small sample size of fewer than 
five observations, Fisher’s exact test was used to calculate 
the association between the two dichotomous categori-
cal variables comparing comorbidities between sexes. A 
P-value < 0.05 was considered statistically significant.
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Results
A total of 11 patients with COPD due to A1AD (6 male, 
54.5%; 95%CI 23.4 − 83.3%) were found in the records 
of the Department of Pneumology for the HELIOS 
Clinic Wuppertal at the University of Witten/Herdecke 
in Germany in the study period of January 1, 2005, to 
December 31, 2022. The mean age of the study partici-
pants was 53.9 ± 11.6 years with no statistical differences 
between the two sexes (Table  1). There was no gender-
related difference in the mean time for diagnosis, mean 
age at diagnosis, or mean age at symptom onset for 
A1AD (Table  1). A family screening for A1AD was not 
conducted in these patients in this study (Table  1). The 
male study participants were of normal weight, while the 
females were obese, but the difference was without sta-
tistical relevance. The number of female smokers was 
higher in this study, also without statistical significance 
(Table  1). Antitrypsin phenotyping was not recorded 
in all patients. However, without any relevance for this 
study, the proteinase inhibitor (Pi)  PiZZ and  PiMZ variants 
were common among the males (Table  1). In addition, 
all of the female participants with COPD exhibited the 
so-called panlobular emphysema (Table 1). All individu-
als in this study suffered from COPD, with most of the 
males in severe advanced stages of COPD, but without 
statistical significance (Table  1). Also without statistical 
significance, the male patients had more comorbidities, 
but there was no preponderance of one disease (Table 1). 
The female participants were prone to exacerbations of 
COPD. There was one death among the male study par-
ticipants (Table 1).

Discussion
The results of this study showed no statistically relevant 
gender-specific differences in comorbidities in patients 
with COPD due to A1AD. A small number of the patients 
were found during the long follow-up period covered in 
this study. A1AD is a rare inherited disorder that has a 
major impact on quality of life and longevity in adults, 
especially in smokers [19]. A detailed analysis of this 
study found more smokers among the women, but one-
third of the men were smokers. In smokers, A1AD leads 
to the development of emphysema. Because A1AT inhib-
its neutrophil elastase release, with a deficiency of A1AT, 
smoke-induced neutrophil elastase release is insuffi-
ciently inhibited. This leads to proteolytic damage to the 
pulmonary connective tissue, mainly from the elastic fib-
ers, and the development of panlobular emphysema [20]. 
Therefore, patients with A1AD should stop smoking. All 
of the women in the present study had emphysema, com-
pared to two-thirds of the men. Does gender really mat-
ter when it comes to this lung disease?

This disease was the first genetic risk factor described 
for COPD. More than 50 years since its description, new 
insights are still being provided into the more frequent 
occurrence of COPD in this rare disease. As already 
noted, the cause is a single genetic modification, and 
the clinical manifestations include emphysema, airway 
hyperreactivity, and bronchiectasis [20]. Indeed, the pre-
sent study showed that all of the patients with A1AD 
developed COPD, with emphysema also often develop-
ing and fewer incidences of bronchiectasis. According 
to the results of other studies, patients with A1AD often 
have an increased risk of developing COPD and pulmo-
nary emphysema [21, 22]. Deficiency of A1AT can pro-
gress to significant enzyme activity, which can lead to 
lung tissue disruption [21, 22]. The severity of COPD and 
emphysema can vary, typically manifesting in adulthood 
[21, 22]. Based on these findings, early diagnosis, regu-
lated monitoring, and extensive treatment are definitely 
necessary in order to control the progression of this rare 
disease [21, 22].

The development of cirrhosis with A1AD is low [23], 
and no case of liver involvement was observed in this 
study, either. In addition, A1AD can cause liver disease 
according to former studies [24, 25]. The liver disease is 
ranging from mild liver enzyme abnormalities to more 
serious consequences such as liver cirrhosis [24, 25]. The 
liver complications can manifest in childhood or adult-
hood, which can lead to a different clinical presentation 
of A1AD [24, 25].

Developing these comorbidities is increased in 
homozygous genotypes in individuals with A1AD. 
Patients in another study frequently experienced emphy-
sema, bronchiectasis, and bronchial thickening, as well 
as early onset respiratory symptoms [26]. The most com-
mon genotype was  PiZZ. Heterozygous genotypes and 
normal A1AD also showed significant lung disease [26]. 
Genetic counseling plays a critical role in understanding 
the diversity nature of A1AD [26]. Comprehensive treat-
ment includes genetic testing for early detection, regular 
monitoring, and personalized treatment strategies [26]. 
Lifestyle changes, smoking cessation, and pulmonary 
rehabilitation are measures to improve the quality of life 
in this rare disease [26].

Many patients with advanced stages of COPD and 
emphysema have weight loss and a higher mortality rate. 
Many such patients were underweight in an earlier study 
[27]. However, underweight patients were not seen in this 
study. Instead, the male patients were of normal weight, 
and the women were overweight.

Some genetic variants of the proteinase inhibitor (Pi) 
A1AT have less serum concentration increases and are 
predisposed to liver disease and pulmonary emphysema. 
These deficiency variants can only be reliably diagnosed 
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Table 1 Demographic data and comorbidities of patients with chronic obstructive pulmonary disease due to alpha-1 antitrypsin 
deficiency

Abbreviations: COPD chronic obstructive pulmonary disease, FEV1 forced expiratory volume in 1 s, Pi proteinase inhibitor, SD standard deviation

Variable Male Female p‑value

n = 6 (%) n = 5 (%)

Mean age ± SD 54.5 ± 7.89 53.2 ± 14.8 0.869

 Median age (range) 52 (47–69) 49 (35–80)

Body mass index ± SD 24.17 ± 4.67 31.2 ± 4.87 0.054

Mean length of hospital stay in days 8 ± 6.9 5.6 ± 2.7 0.526

Mean time to diagnose alpha-1 antitrypsin deficiency in years ± SD 33.7 ± 4.5 45.8 ± 17.7 0.178

Mean age at diagnosis of alpha-1 antitrypsin deficiency ± SD 33.7 ± 4.5 45.8 ± 17.7 0.178

Mean age at symptoms of alpha-1 antitrypsin deficiency ± SD 39.3 ± 6.5 52.4 ± 14.8 0.054

Family screening for alpha-1 antitrypsin deficiency 0 0

Smoker 2 (33.3) 3 (60) 0.567

 (Mean pack years) 45 ± 5 46.7 ± 12.5 0.898

Antitrypsin phenotyping

 PiSS (63% of the standard) 1 (16.7) 0 1.0

 PiMZ (61% of the standard) 2 (33.3) 0 0.455

 PiZZ (15% of the standard) 0 1 (20) 0.455

 Unknown 2 (33.3) 4 (80) 0.242

Pulmonary emphysema 4 (66.7) 5 (100) 0.455

COPD GOLD I 0 0 1.0

COPD GOLD II 1 (16.7) 2 (40) 0.545

COPD GOLD III 2 (33.3) 2 (40) 1.0

COPD GOLD IV 3 (50) 1 (20) 0.545

FEV1% mean ± SD 28.2 ± 15.6 54.8 ± 19.7 0.050

Lung hyperinflation 0 1 (20) 0.455

Asthma 1 (16.7) 1 (20) 1.0

Bronchiectasis 1 (16.7) 0 1.0

Pulmonary fibrosis 1 (16.7) 0 1.0

Chronic respiratory failure 1 (16.7) 0 1.0

Obstructive sleep apnea syndrome 1 (16.7) 1 (20) 1.0

Exacerbation COPD 2 (33.3) 3 (60) 0.567

Long oxygen therapy 2 (33.3) 1 (20) 1.0

Pneumonia 1 (16.7) 0 1.0

Bronchitis 1 (16.7) 0 1.0

Pulmonary embolism 1 (16.7) 0 1.0

Atrial fibrillation 1 (16.7) 0 1.0

Coronary heart disease 2 (33.3) 0 0.455

Heart failure 0 1 (20) 0.455

Left ventricular dysfunction 0 1 (20) 0.455

Hypertension 1 (16.7) 1 (20) 1.0

Peripheral arterial disease 1 (16.7) 0 1.0

Diabetes 1 (16.7) 1 (20) 1.0

Diabetic nephropathy 1 (16.7) 0 1.0

Hypercholesterolemia 0 1 (20) 0.455

Hyponatremia 1 (16.7) 0 1.0

Urinary tract infection 1 (16.7) 0 1.0

Alcoholism 1 (16.7) 0 1.0

After stroke 1 (16.7) 0 1.0

Allergy 1 (16.7) 0 1.0

Death 1 (16.7) 0 1.0
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by phenotyping. While many genetic variants of A1AD 
are known, only a few are associated with a clinically rel-
evant deficiency. The most common type of defect is the 
homozygous Z phenotype  (PiZZ) [28].

The  PiMZ phenotype of A1AT deficiency has emerged 
as key for in vivo studies of liver response, because syn-
thesis and blocking of secretion occur simultaneously. 
In this study, as well, the  PiMZ phenotype occurred fre-
quently. However, phenotyping was not carried out in 
all patients, who had come to the hospital not only for 
clarification of this rare disease but also for other health 
reasons.

Patients with A1AD have been reported to have a 
higher prevalence of arterial hypertension, chronic kid-
ney disease, and diabetes. They also have been shown to 
have more consultations and more frequent and longer 
hospital stays [29]. While we also observed the comor-
bidities in this study, a long hospital stay was not seen.

One study found that patients with A1AD have lower 
systolic and diastolic blood pressure, lower plasma tri-
glycerides and residual cholesterol, a reduced risk of 
myocardial infarction, and a reduced risk of coronary 
artery disease [30]. These diseases were also under-repre-
sented in the present study.

Study limitations
Only a small number of patients with COPD due to 
A1AD could be found for analysis in this study because it 
was a single-center study. The information on comorbidi-
ties was based on the record in the files of the study site 
clinic. The small number of patients made the compari-
son of comorbidities based on sex more difficult. Geno-
typing data were only available for a minority of patients. 
Nonetheless, a correct segregation of individuals with 
severe A1AD probably occurred.

The normality tests compare the values in the sam-
ple to a normally distributed set of values with the same 
mean and standard deviation; the null hypothesis is that 
the sampling distribution is normal. For small sample 
sizes, there is little power to reject the null hypothesis, 
and thus, small samples are most likely to normality tests 
[31]. With large samples, even a small deviation from 
normality would produce significant results, although 
this small deviation does not affect the results of a para-
metric test.

Conclusions
This study showed no significant gender-specific differ-
ences in terms of comorbidities present with the very 
rare hereditary disorder A1AD.
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