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Abstract

Background: Increased elastase activity in a;-antitrypsin deficiency may affect elasticity of the arterial walls, and
thereby blood pressure and susceptibility to cardiovascular disease. We hypothesized that severe a,-antitrypsin defi-
ciency is associated with reduced blood pressure and susceptibility to cardiovascular disease.

Methods: We genotyped 91,353 adults randomly selected from the Danish general population and 187 patients
from the Danish a,-Antitrypsin Deficiency Registry and recorded baseline blood pressure, baseline plasma lipids and
cardiovascular events during follow-up. 185 participants carried the ZZ genotype, 207 carried the SZ genotype and
91,148 carried the MM genotype.

Results: a,-Antitrypsin deficiency was associated with decreases in blood pressure of up to 5 mmHg for systolic
blood pressure and up to 2 mmHg for diastolic blood pressure, in ZZ vs SZ vs MM individuals (trend test, P's <0.01).
Plasma triglycerides and remnant cholesterol were reduced in ZZ individuals compared with MM individuals (t-test,
P's <0.001). a,-Antitrypsin deficiency was associated with lower risk of myocardial infarction (trend test P=0.03), but
not with ischemic heart disease, ischemic cerebrovascular disease or hypertension (trend test, P's > 0.59). However,
when results for ischemic heart disease were summarized in meta-analysis with results from four previous studies,
individuals with versus without a,-antitrypsin deficiency had an odds ratio for ischemic heart disease of 0.66 (95%
C1:0.53-0.84).

Conclusions: Individuals with severe a,-antitrypsin deficiency have lower systolic and diastolic blood pressure,
lower plasma triglycerides and remnant cholesterol, reduced risk of myocardial infarction, and a 34% reduced risk of
ischemic heart disease.
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SERPINAT1
Background
a;-Antitrypsin is a serine protease inhibitor, which inhib-
its a series of proteases, including neutrophil elastase,
*Correspondence: modah@regionsjaelland.dk thereby protecting elastic tissue in the lungs [1, 2]. The
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been identified [2, 3]. The most common combination
of the gene variations is the MM genotype, also termed
the wildtype genotype, which is associated with a nor-
mal plasma level and function of a;-antitrypsin. The S-
and Z variants cause different degrees of o;-antitrypsin
deficiency, the ZZ genotype being the most severe with
a reduction in circulating o;-antitrypsin of up to 85%
[1]. oq-Antitrypsin deficiency is mostly known to result
in an early onset of chronic obstructive pulmonary dis-
ease (COPD), due to the lack of inhibition of neutro-
phil elastase, and liver cirrhosis due to polymerization
of mutant o;-antitrypsin in the endoplasmic reticulum,
resulting in hepatocyte damage [1-3].

Studies have suggested that the increased elastase
activity over time also affects the elastic properties of the
arterial walls [4, 5]. The larger blood vessels contain large
amounts of elastin in tunica media, contributing to the
distensibility, resilience and recoil of the vessel wall [6, 7].
Our hypothesis is that the increased activity of neutrophil
elastase in a;-antitrypsin deficiency changes the elasticity
of the vessel wall, resulting in decreased resistance and
thereby a lower blood pressure [6]. Reduced blood pres-
sure in individuals with a;-antitrypsin deficiency could
contribute to a reduced risk of cardiovascular disease, for
example ischemic heart disease and stroke [5].

We hypothesized that a;-antitrypsin deficiency is asso-
ciated with reduced blood pressure and susceptibility
to cardiovascular disease in individuals in the general
population. To test this hypothesis, we genotyped 91,353
adults from the Copenhagen General Population Study
and 187 patients from the Danish o;-Antitrypsin Defi-
ciency Registry and recorded baseline blood pressure,
baseline plasma lipids and cardiovascular disease dur-
ing follow-up as outcomes. As a secondary aim, we also
performed a meta-analysis of previous studies examining
the risk of ischemic heart disease in individuals with a;-
antitrypsin deficiency.

Methods
Participants
We included participants from The Copenhagen General
Population Study and the Danish o;-Antitrypsin Defi-
ciency Registry. Cases from the two studies did not dif-
fer significantly for any of the outcomes studied (P’s for
interaction >0.1), and were therefore combined yielding
a total population of 91,540, within which 185 were ZZ
individuals, 207 were SZ individuals, and 91,148 were
MM individuals. Individuals with MZ, SS, and MS a;-
antitrypsin deficiencies were excluded from the analysis
(n=10,965). However, if these individuals were included
in the analysis the results were similar to those presented.
The Copenhagen General Population Study was initi-
ated in 2003 with ongoing enrollment [8]. Individuals
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were randomly selected on the basis of the national Dan-
ish Civil Registration System to reflect the adult white
population aged 20 to 100 years. Data were obtained
from a questionnaire and a physical health examination,
and blood samples were drawn for biochemical analyses
and DNA extraction. We included 91,353 consecutive
participants from this study, within which 48 carried the
ZZ genotype, 157 carried the SZ genotype, and 91,148
carried the MM genotype.

The Danish o;-Antitrypsin Deficiency Registry was
initiated in 1978 and includes patients diagnosed with
severe a;-antitrypsin deficiency. Patients from the reg-
istry were examined from August 31st 2009 to October
6th 2009 as part of the Copenhagen General Population
Study undergoing the exact same investigations as all
other participants in this survey. We included 187 partic-
ipants from the registry, within which 137 carried the ZZ
genotype and 50 carried the SZ genotype.

Endpoints

Blood pressure was measured by trained technicians on
the left upper arm after 5 min rest with the individual
in the sitting position. An automatic Digital Blood Pres-
sure Monitor (Kivex, Horsholm, Denmark) with a cuff
measuring 22 x 32 c¢m was used; if the circumference
of the upper arm was>46 cm, we used a cuff measur-
ing 32 x 45 cm. All participants had their blood pressure
measured within the 3-7 pm time interval. From March
2009 and onward, blood pressure was measured on both
arms and legs with the participants resting in supine
position. Systolic blood pressure of the posterior tib-
ial artery or the dorsalis pedis artery was obtained by a
handheld Doppler. Ankle-brachial index (ABI) was cal-
culated as the lowest ankle systolic blood pressure level
divided by the right arm brachial systolic blood pres-
sure level. Plasma a;-antitrypsin, lipids, and liver mark-
ers were measured by standard hospital assays; remnant
cholesterol was calculated as total cholesterol minus
low-density lipoprotein (LDL) cholesterol minus high-
density lipoprotein (HDL) cholesterol. Ischemic heart
disease (ICD8: 410-414, ICD10: 120-125), ischemic cer-
ebrovascular disease (ICD8: 432-435, ICD10: 163-164,
G45), myocardial infarction (ICD8: 410, ICD10: 121-122),
and COPD (ICDS: 491-492, ICD10:J41-J44) were defined
as hospital admissions with the diagnosis as the primary
discharge diagnosis, obtained from the national Danish
Patient Registry. Hypertension was systolic blood pres-
sure > 140 mmHg, diastolic blood pressure>90 mmHg,
and/or current use of antihypertensive medication [9].

Genotyping
We genotyped for the S (Glu264Val) and Z (Glu342Lys)
variants by using TagMan-based PCR assays and an ABI
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PRISM 7900HT Sequence Detection system (Applied
Biosystems, Foster City, CA). The following primers and
probes were used: Exon 3 (S allele), forward primer CTG
ATGAAATACCTGGGCAATGC, reverse primer TGG
TGATGATATCGTGGGTGAGT, VIC probe CACCTG
GAAAATGA, and 6-FAM probe CACCTGGTAAATGA;
exon 5 (Z allele), forward primer CTTACAACGTGT
CTCTGCTTCTCT, reverse primer
CAAAGGGTTTGTTGAACTTGACCTC, VIC probe
CTTCAGTCCCTTTCTCGTCGA, and 6-FAM probe
TTCAGTCCCTTTCTTGTCGA.

Statistical analysis

All statistical analyses were performed using STATA ver-
sion 12.1 (College Station, Texas, USA). Student’s t-test
was used for continuous variables, and Pearson’s x* test
for categorical data. Plasma triglycerides, HDL choles-
terol, lipoprotein (a), remnant cholesterol, and biliru-
bin were logarithmically transformed due to positively
skewed distributions. Cox-regression adjusting for age,
sex, smoking status and COPD was used to assess risk
of cardiovascular disease prospectively in individuals
with versus without o;-antitrypsin deficiency, and logis-
tic regression adjusting for age, sex, smoking status and
COPD was used to asses risk of hypertension cross-sec-
tionally in individuals with versus without a;-antitrypsin
deficiency. Interactions between genotype and sex, age,
smoking, and COPD on cardiovascular outcomes were
tested in logistic regression models. Because outcomes
did not differ significantly according to sex (P’s>0.05),
combined results were presented. In sensitivity analyses,
multiple logistic regression was performed using step-
wise forward inclusion, where continuous variables were
dichotomized by the median value, and genotype was
added to the final model irrespective of significance. The
forward inclusion method adds variables one by one to
the regression model, based on the overall significance of
the test statistic, i.e. minimizing the p-value of the likeli-
hood ratio chi-squared (LR x?) test statistic. In sensitivity
analyses, the associations between plasma o, -antitrypsin
and systolic blood pressure, and cardiovascular outcomes
were analyzed using binned scatter plots with R as a
measure of the correlation.

Meta-analysis

We searched PubMed up until October 1* 2021 querying
for (“alpha-1-antitrypsin-deficiency” OR “alpha 1 anti-
trypsin deficiency” OR AATD OR antitrypsin OR SER-
PINA1) AND (“ischemic heart disease” OR IHD OR CVD
OR “cardiovascular disease” OR stroke OR “ischemic
stroke” OR “myocardial infarction” OR MI OR hyper-
tension”) using MESH terms and free text. Reference
lists were searched for additional relevant publications.
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5 studies (the present study and [5, 10-12]) examining
a;-antitrypsin deficiency in relation to ischemic heart
disease as the primary endpoint were included. Severe
a;-antitrypsin deficiency was either physician diagnosed
a;-antitrypsin deficiency with an ICD10 code (E88.0),
self-reported physician diagnosed o;-antitrypsin defi-
ciency, or a diagnosis of o;-antitrypsin deficiency based
on PCR or isoeletric focusing. Because previous studies
were based on SZ and ZZ combined we also pooled data
on SZ and ZZ in our own dataset. Myocardial infarction
was used as the primary endpoint in studies where both
ischemic heart disease and myocardial infarction results
were reported. Meta-analysis was conducted using the
MIX 2.0 (Professional software for meta-analysis in
Excel. Version 2.015. BiostatXL, 2016) using a random
effects model. The meta-analysis was conducted accord-
ing to the PRISMA guidelines [13].

Results

Clinical characteristics of individuals with ZZ and SZ
a;-antitrypsin deficiency versus MM individuals in the
population are shown in Table 1. Individuals with ZZ o;-
antitrypsin deficiency were younger, had reduced values
of plasma a;-antitrypsin and FEV1/FVC, were less likely
current smokers, and had more often COPD compared
with MM individuals. Individuals with SZ «a;-antitrypsin
deficiency vs MM individuals had reduced plasma o;-
antitrypsin and had more often COPD, but did not differ
in any other clinical characteristics. Use of antihyper-
tensive medication did not differ between individu-
als with ZZ or SZ «;-antitrypsin deficiency versus MM
individuals.

Blood pressure

Systolic blood pressure was lower as a function of o-
antitrypsin genotype (trend test MM-SZ-ZZ, P=0.001,
Fig. 1): individuals with ZZ and SZ o;-antitrypsin defi-
ciencies had systolic blood pressure of 133 mmHg
(t-test vs MM, P=0.003) and 136 mmHg (P=0.17),
respectively, compared with 138 mmHg in MM indi-
viduals. Diastolic blood pressure was also reduced as
a function of a;-antitrypsin genotype (trend test MM-
SZ-7Z, P=0.01, Fig. 1): individuals with ZZ and SZ «;-
antitrypsin deficiencies had diastolic blood pressure of
782 mmHg (t-test vs MM, P=0.04) and 78.9 mmHg
(P=0.20), respectively, compared with 80.0 mmHg in
MM individuals (Fig. 1). If these results were adjusted
for age, sex, and smoking status similar results to those
presented were seen (trend test MM-SZ-ZZ, P’s <0.04).
When measuring blood pressure and ankle-brachial
index in the supine position in a subgroup of individu-
als, similar results were seen for systolic blood pressure
(trend test MM-SZ-ZZ, P=0.003), but not for diastolic
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Table 1 Characteristics of participants according to a;-antitrypsin genotype
Genotype MM Sz Y44
Women/men 50,206/40,942 124/83 95/90
Age, yrs 5784131 56.74+13.3 54841311
Body mass index, kg/m? 262+43 263447 262+52
Plasma a,-antitrypsin, umol/L 240441 104420* 47448°
FEV1/FVC, % 7744159 76.5+10.6 60.3+19.3*
Smoking, no. (%)

Never smoker 35,533 (40.6) 84 (42.9) 73 (41.4)

Ex smoker 36,119 (41.3) 82 (41.6) 89 (51.7)
Current smoker 15,861 (18.1) 31(15.8) 12 (6.9)
Chronic Obstructive Pulmonary Disease, no. (%) 5137(5.7) 25(12.2)* 100 (54.1)*

Antihypertensive medication, no. (%) 17,898 (19.7) 45 (22.0) 41 (22.7)

Values presented as mean = SD or number (%). 'P value < 0.01, *Pvalue < 0.001 on Student'’s t-test or Pearson’s x? test versus MM genotype. FEV1 forced expiratory

volume in 1 s. FVC forced vital capacity

Systolic Blood Pressure Diastolic Blood Pressure
165 95
160 1 P-trend = 0.001 P-trend = 0.01
90 *
155 '
o 150 -
JE'_' 145 <
IS
€ 140 £ 801
135
75 4
130
125 70
1 o e ol o e e
MM Sz zz MM Sz 7z
n=84,252 n=194 n=180 n=84,252 n=194 n=180
Genotype Genotype
Fig. 1 Blood pressure according to a,-antitrypsin deficiency genotype. Values are mean values with error bars representing SD’s. *Pvalue <0.05,
TPvalue <0.01 versus MM genotype on Student’s t-test

blood pressure or ankle-brachial index (P’s > 0.44, Addi-
tional file 1: Figs. S1 and S2): individuals with ZZ and
SZ «,-antitrypsin deficiencies had supine systolic blood
pressure of 137 mmHg (t-test vs MM, P=0.006) and
138 mmHg (P=0.006), respectively, compared with
142 mmHg in MM individuals.

Lipids and liver parameters

Individuals with ZZ a;-antitrypsin deficiency vs MM
individuals had 0.3 mmol/L lower plasma triglycerides
(t-test: P<0.001) and 0.1 mmol/L lower remnant choles-
terol (P<0.001), and higher values of plasma ALAT (20%
higher; P<0.001), bilirubin (10% higher; P<0.01) and
alkaline phosphatase (5% higher; P<0.05) (Table 2). Indi-
viduals with SZ a;-antitrypsin deficiency compared with
MM individuals also had higher plasma ALAT (P<0.01)

and alkaline phosphatase (P<0.001), but did not differ
in any other plasma lipid or liver parameters. If these
results were adjusted for age, sex, and smoking status
similar results to those presented were seen (trend test,
P’s<0.007).

Cardiovascular disease

a;-Antitrypsin deficiency was associated with lower
risk of myocardial infarction (trend test, MM-SZ-ZZ,
P=0.03), but there were no significant associations of
a;-antitrypsin deficiency with risks of ischemic heart
disease, ischemic cerebrovascular disease or hyperten-
sion (trend test, P’s >0.59) (Fig. 2). In sensitivity analysis,
identifying risk factors for cardiovascular outcomes from
a stepwise forward approach, a;-antitrypsin deficiency
remained associated with myocardial infarction (odds
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Table 2 Plasma lipids and liver parameters according to a,-antitrypsin genotype

Genotype MM (n=91,148) SZ (n=207) ZZ (n=185)
Plasma lipids
Total cholesterol, mmol/L 56+1.1 56+£10 55+£1.0
HDL cholesterol, mmol/L 16(1.2-1.9) 1.5(1.2-1.9) 1.6 (1.3-2.0)
LDL cholesterol, mmol/L 32110 33+09 32+08
Remnant cholesterol, mmol/L 0.6 (0.4-0.9) 0.7 (0.5-0.9) 0.5 (04-0.7)*
Triglycerides, mmol/L 14(1.0-2.1) 14(1.0-2.1) 1.1 (08-16)"
Lipoprotein(a), mg/dL 11.7 (5.9-31.0) 12.1(6.3-25.8) 13.5(6.0-30.4)
Plasma liver parameters
ALAT, U/L 2364166 270+£148" 283+ 164
Bilirubin, umol/L 10 (8-13) 11 (8-13) 11 (9-14)"
Alkaline phosphatases, U/L 822+£258 89.7 4 26.9F 86.6+25.9*%
Lactate dehydrogenase U/L 1584338 158+394 1634+36.0

Values presented as mean 4 SD or median (25 and 75 percentiles). *Pvalue<0.05, fPvalue<0.01, and *Pvalue<0.001 versus MM on Student’s t-test. ALAT alanine

aminotransferase

Ischemic Heart Disease
Genotype n Events Hazard Ratio (95% Cl) P-trend
MM 90,934 10,779 4 1 (ref.) 0.59
sz 205 24 — 1.06 (0.70-1.60)
2z 185 21 — 0.85 (0.55-1.32)
r T T 1
1 5 1 2 3
HR (95% Cl)
Hypertension
Genotype n Events Odds Ratio (95% Cl) P-trend
MM 91226 46,983 1 (ref.) 0.78
sz 207 103 0.99 (0.73-1.34)
zz 185 90 0.95 (0.69-1.32)
I T T T 1
A 5 1 2 3
OR (95% Cl)
infarction =1CD8: 410; ICD10: 121-122

Genotype n

MM 90,934 6,754 L 1 (ref.) 0.67
sz 205 15 —r— 1.13 (0.68-1.90)
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Fig. 2 Risk of cardiovascular disease according to a,-antitrypsin deficiency genotype. Regression models were adjusted for age, sex,smoking
status and COPD. Ischemic heart disease =1CD8: 410-414; ICD10: 120-125. Ischemic cerebrovascular disease =I1CD8: 423-435; ICD10: 163, 164,
G45. Hypertension = systolic blood pressure > 140, diastolic blood pressure > 90 and/or use of current antihypertensive medication. Myocardial

Ischemic Cerebrovascular Disease

Events Hazard Ratio (95% Cl) P-trend

HR (95% Cl)

Myocardial Infarction

ratio, 0.38 and 95%CI: 0.18-0.77), while there were no
associations with ischemic heart disease, ischemic cer-
ebrovascular disease, or hypertension (Additional file 1:
Fig. S3). There were no significant interactions between
a;-antitrypsin deficiency and sex, age, smoking or COPD
on cardiovascular outcomes (Additional file 1: Fig. S4).
Plasma «aj-antitrypsin was positively correlated with all
cardiovascular outcomes studied (Additional file 1: Fig.
S5).

When the results for ischemic heart disease were
summarized in meta-analysis with results from four
previous studies, individuals with versus without «o;-
antitrypsin deficiency had an odds ratio for ischemic
heart disease of 0.66 (95% CI, 0.53 to 0.84) (Fig. 3).
This meta-analysis was not characterized by hetero-
geneity between the included studies (P=0.18) and
provided robust summary odds ratios in sensitivity
analyses (Additional file 1: Fig. S6). When each study
was removed one at a time and the summary odds ratio
recalculated, all the recalculated summary odds ratios
lay within the 95% CI of the main results.
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Odds ratio (95%Cl) Weight

Dahl 2003 0.57 (0.07-4.42) 1.2%

Fahndrich 2017 0.19 (0.05-0.76) 2.6%

Greulich 2017 Rl 0.79 (0.64-0.97) 42%

Tanash 2020 - 0.65 (0.53-0.80) 44%

Winther 2021 0.49 (0.25-0.96) 10%

Overall (95% CI) 0 0.66 (0.53-0.84)

0.01 0.1 10
Odds ratio (95%Cl)

Fig. 3 Case—control and cross-sectional studies of ischemic heart disease in individuals with a;-antitrypsin deficiency. Box sizes are proportional to
inverse-variance weights. Lines represent 95% confidence intervals

Discussion
In this large Danish cohort study, we evaluated blood
pressure, plasma lipids, and risk of cardiovascular dis-
ease in individuals with «;-antitrypsin deficiency vs MM
individuals. The results revealed that individuals with
severe o -antitrypsin deficiency had 2 and 5 mmHg lower
diastolic and systolic blood pressure, 0.3 mmol/L lower
plasma triglycerides, 0.1 mmol/L lower remnant choles-
terol, reduced risk of myocardial infarction, and a 34%
reduced risk of ischemic heart disease in meta-analysis.
In the current analysis and in the subgroup analysis, we
confirm our previous findings in the Copenhagen City
Heart Study of reduced systolic blood pressure in individ-
uals with a;-antitrypsin deficiency [5]. Compared to this
previous study [5], reduced systolic blood pressure was
replicated in two different settings in the current study
with blood pressure measured respectively in the sitting
and supine positions. Other previous but smaller studies
found no or a similar association between reduced blood
pressure and a;-antitrypsin deficiency [4, 14, 15], while
Senn et al. identified a positive association between «;-
antitrypsin level and systolic blood pressure [16], as was
also observed for systolic blood pressure and for cardio-
vascular outcomes in the present study (Figure S5). Stud-
ies of aortic stiffness in individuals with a;-antitrypsin
deficiency or humans receiving pancreatic elastase
therapy have also been performed but with differing

results [17-20]. If our results show the true magnitude
of blood pressure reduction in o;-antitrypsin deficiency,
the reduction of 5 mmHg in systolic blood pressure may
not be trivial as it is comparable to the minimal clinically
important difference of 2 mmHg proposed for systolic
blood pressure in previous studies [21].

In line with reductions of 5 and 2 mmHg in systolic and
diastolic blood pressures in the present study, individu-
als with a;-antitrypsin deficiency also had reduced risk
of myocardial infarction and a 0.66 fold reduced risk of
ischemic heart disease in meta-analysis. Greulich et al.
showed that patients with a;-antitrypsin deficiency had
a lower prevalence of ischemic heart disease when com-
pared to age and gender matched controls with known
chronic obstructive pulmonary disease [11], and Fiahn-
drich et al. found an association between a;-antitrypsin
deficiency and a reduced frequency of ischemic heart
disease when looking at patients with «;-antitrypsin defi-
ciency with and without augmentation therapy [10]. Two
other previous studies also found associations of reduced
risk of ischemic heart disease with o;-antitrypsin defi-
ciency, but were not included in the meta-analysis due
to lack of data [22, 23]. The finding of reduced ischemic
heart disease risk in individuals with a;-antitrypsin defi-
ciency in the meta-analysis is also in line with research by
Tanash et al. showing a reduced mortality from ischemic
heart disease as well as no other increased mortality with
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regard to stroke, aorta dissection, or cardiovascular dis-
ease in individuals with o, -antitrypsin deficiency [24].

Individuals with ZZ a;-antitrypsin deficiency in the
current study had lower levels of plasma triglycerides and
remnant cholesterol compared to MM controls, confirm-
ing previous results by Hamesch et al. [25], and Fdhn-
drich et al. [10]. The underlying mechanism for this could
be an increased impairment of normal liver functions
in ZZ individuals as suggested by Hamesch et al., which
accords well with the simultaneously higher liver blood
parameters in these individuals in [25] and the present
study. The finding of lower triglyceride and remnant cho-
lesterol levels in individuals with ZZ a;-antitrypsin defi-
ciency could perhaps also contribute to the reduced risk
of ischemic heart disease observed in individuals with o;-
antitrypsin deficiency in the present study.

Strengths of our study include a randomly chosen
sample of an ethnically homogenous population, and
blinding of investigators to risk factor status and the
clinical outcomes investigated. A potential limitation of
our study is that some of the individuals suffering from
a;-antitrypsin deficiency and severe disease may not have
attended the physical examination and participated in
the study. Hardy—Weinberg equilibrium calculation sug-
gested that 31 ZZ individuals were not included in the
sample from the Copenhagen General Population Study;
however, we do not think that this substantially influ-
enced the results as sensitivity analysis showed almost
similar results in the two study samples separately (P’s
for interaction > 0.1, Additional file 1: Fig. S7 for systolic
blood pressure). Although the finding of reduced sys-
tolic blood pressure in individuals with a;-antitrypsin
deficiency was replicated in ethnically homogenous and
independent studies of the Danish population ([5], the
present study), it would of course be desirable if the find-
ing is replicated in additional large population studies in
the future. Fahndrich et al. [10] questioned whether their
findings of a lower prevalence of cardiovascular diagno-
ses in patients with a;-antitrypsin deficiency was due to
the use of augmentation therapy or the a;-antitrypsin
deficiency genotype itself. Augmentation therapy was
not available in Denmark at the time of data collection.
Our investigation thus supports that the a;-antitrypsin
deficiency genotype is protective against ischemic heart
disease, perhaps through the reduction in risk factors like
systolic and diastolic blood pressure, plasma triglycerides
and remnant cholesterol, rather than through augmen-
tation therapy. Further studies are needed with regards
to the possible molecular mechanisms underlying the
observed reductions in blood pressure, plasma lipids,
and ischemic heart disease risk in individuals with «o;-
antitrypsin deficiency.
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Conclusions

In conclusion, individuals with o;-antitrypsin defi-
ciency had reductions of 2 and 5 mmHg in diastolic
and systolic blood pressure, reduced risk of myocar-
dial infarction, and a 34% lower risk of ischemic heart
disease. The study also revealed reductions of plasma
triglycerides and remnant cholesterol levels in ZZ vs
MM individuals, and a dose-response relation between
severe o,-antitrypsin deficiency and reduced blood
pressure in the population.

Abbreviations

ALAT: Alanine aminotransferase; COPD: Chronic obstructive pulmonary
disease; FEV1: Forced expiratory volume in 1 s; FVC: Forced vital capacity; HDL:
High density lipoprotein; LDL: Low density lipoprotein; PCR: Polymerase chain
reaction.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512931-022-01973-3.

Additional file 1. Figure S1. Supine blood pressure according to a;-
antitrypsin deficiency genotype. Figure S2. Ankle-brachial index accord-
ing to a,-antitrypsin deficiency genotype. Figure S3. Risk of cardiovas-
cular disease according to a;-antitrypsin deficiency genotype by step-up
logistic regression. Figure S4. Risk of cardiovascular disease according to
a,-antitrypsin deficiency genotype, stratified by sex, age, smoking status
and COPD. Figure S5. Binscatter plots of systolic blood pressure, ischemic
heart disease, ischemic cerebrovascular disease, or hypertension versus
plasma a;-antitrypsin partitioned into 20 bins. Figure S6. Exclusion sensi-
tivity plot. Figure S7. Systolic blood pressure according to a;-antitrypsin
deficiency genotype, stratified by study population.

Acknowledgements
Not applicable.

Authors’ contributions

SVW, EML and MD had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analy-
sis. SVW, DA, SAS, EML, NS, BGN, MD contributed substantially to the study
design and interpretation of results. SVW and MD wrote the manuscript. All
authors read and approved the final manuscript.

Funding

The Alpha-1 Foundation (612336), Novo Nordisk Foundation
(NNF190C0058811), Region Zealand Research Foundation (R19A341B233).
The sponsors of the study are public or nonprofit organizations and support
science in general. They had no role in the study’s design, conduct, or report-
ing and could neither approve nor disapprove the submitted manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Studies were approved by Herlev and Gentofte Hospital and Danish ethics
committees (identification number H-KF-01-144/01) and were conducted
according to the Declaration of Helsinki. All participants provided written
informed consent.


https://doi.org/10.1186/s12931-022-01973-3
https://doi.org/10.1186/s12931-022-01973-3

Winther et al. Respiratory Research (2022) 23:55

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Clinical Biochemistry, Zealand University Hospital, Kege,
Denmark. “Department of Clinical Biochemistry, Herlev-Gentofte University
Hospital, Herlev, Denmark. >*The Copenhagen General Population Study,
Herlev-Gentofte University Hospital, Herlev, Denmark. “Department of Clinical
Medicine, Copenhagen University, Copenhagen, Denmark. °Department

of Pulmonary Medicine, Herlev-Gentofte University Hospital, Gentofte,
Denmark.

Received: 16 November 2021 Accepted: 24 February 2022
Published online: 09 March 2022

References

1. Strnad P McElvaney NG, Lomas DA. Alpha1-antitrypsin deficiency. N Engl
J Med. 2020;382(15):1443-55.

2. Miravitlles M, Dirksen A, Ferrarotti |, Koblizek V, Lange P, Mahadeva R.
m.fl. European Respiratory Society statement: diagnosis and treat-
ment of pulmonary disease in al-antitrypsin deficiency. Eur Respir J.
2017;50(5):1700610.

3. Greene CM, Marciniak SJ, Teckman J, Ferrarotti |, Brantly ML, Lomas DA.
m.fl. al-Antitrypsin deficiency. Nat Rev Dis Primer. 2016;2:16051.

4. Boomsma DI, Orbeleke JF, Martin NG, Frants RR, Clark P. Alpha-1-antit-
rypsin and blood pressure. Lancet Lond Engl. 1991;337(8756):1547.

5. Dahl M, Tybjeerg-Hansen A, Sillesen H, Jensen G, Steffensen R, Nordest-
gaard BG. Blood pressure, risk of ischemic cerebrovascular and ischemic
heart disease, and longevity in a ; -antitrypsin deficiency: the copenha-
gen city heart study. Circulation. 2003;107(5):747-52.

6. Kim J, Staiculescu MC, Cocciolone AJ, Yanagisawa H, Mecham RP, Wagen-
seil JE. Crosslinked elastic fibers are necessary for low energy loss in the
ascending aorta. J Biomech. 2017,61:199-207.

7. Cocciolone AJ, Hawes JZ, Staiculescu MC, Johnson EO, Murshed M,
Wagenseil JE. Elastin, arterial mechanics, and cardiovascular disease. Am J
Physiol-Heart Circ Physiol. 2018;315(2):H189-205.

8. LandtE, Colaky, Lange P, Laursen LC, Nordestgaard BG, Dahl M. Chronic
cough in individuals with COPD: a population-based cohort study. Chest.
2020;157(6):1446-54.

9. Landt EM, ColakY, Nordestgaard BG, Lange P, Dahl M. Risk and impact of
chronic cough in obese individuals from the general population. Thorax.
2022,77(3):223-30.

10. Fahndrich S, Biertz F, Karch A, Kleibrink B, Koch A, Teschler H. mfl. Cardio-
vascular risk in patients with alpha-1-antitrypsin deficiency. Respir Res.
2017;18(1):171.

11. Greulich T, Nell C, Hohmann D, Grebe M, Janciauskiene S, Koczulla AR.
m.fl. The prevalence of diagnosed al-antitrypsin deficiency and its
comorbidities: results from a large population-based database. Eur Respir
J.2017,49(1):1600154.

12. Tanash H, Ekstrém M, Basil N, Ronmark E, Lindberg A, Piitulainen E.
Decreased risk of ischemic heart disease in individuals with severe alpha
1-antitrypsin deficiency (PiZZ) in comparison with the general popula-
tion. Int J Chron Obstruct Pulmon Dis. 2020;15:1245-52.

13. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gatzsche PC, loannidis JPA.
m.fl. The PRISMA statement for reporting systematic reviews and meta-
analyses of studies that evaluate health care interventions: explanation
and elaboration. J Clin Epidemiol. 2009;62(10):e1-34.

14. Huggard PR, West MJ, Summers KM. Alpha T-antitrypsin deficiency alleles
and blood pressure in an Australian population. Clin Exp Pharmacol
Physiol. 1996;23(6-7):600-1.

15. Duckers JM, Shale DJ, Stockley RA, Gale NS, Evans BAJ, Cockcroft JR. m.fl.
Cardiovascular and musculskeletal co-morbidities in patients with alpha
1 antitrypsin deficiency. Respir Res. 2010;11:173.

16. Senn O, Russi EW, Schindler C, Imboden M, von Eckardstein A, Brandli O.
m.fl. Circulating alphal-antitrypsin in the general population: determi-
nants and association with lung function. Respir Res. 2008;9(1):35.

Page 8 of 8

17. Ahlgren AR, Piitulainen E, Sonesson B, Linne T. Changes in aortic wall
stiffness in men with l-antitrypsin deficiency. Eur J Vasc Endovasc Surg.
1997,14(4):252-7.

18. Vizzardi E, Corda L, Sciatti E, Roca E, Redolfi S, Arici M. m fl. Echocardio-
graphic evaluation in subjects with al-Antitrypsin deficiency. Eur J Clin
Invest. 2015;45(9):949-54.

19. Fisk M, Cheriyan J, Mohan D, McEniery CM, Forman J, Cockcroft JR. mAfl.
Vascular inflammation and aortic stiffness: potential mechanisms of
increased vascular risk in chronic obstructive pulmonary disease. Respir
Res. 2018;19(1):100.

20. Ooyama T, Sakamato H. Elastase in the prevention of arterial aging and
the treatment of atherosclerosis. Ciba Found Symp. 1995;192:307-17.

21. Whelton PK. Primary prevention of hypertensionclinical and public health
advisory from the national high blood pressure education program.
JAMA. 2002,288(15):1882.

22. Listi F, Candore G, Grimaldi MP, Lio D, Colonna-Romano G, Orlando V. m fl.
Alphat-antitrypsin heterozygosity plays a positive role in attainment of
longevity. Biogerontology. 2007;8(2):139-45.

23. Sandhaus R, Strange C, Stone G, Runken MC, Blanchette CM, Howden R.
Comorbidity associations with AATD among commercially insured and
medicare beneficiaries with COPD in the US. Int J Chron Obstruct Pulmon
Dis. 2020;15:2389-97.

24. Tanash HA, Ekstrom M, Wagner P, Piitulainen E. Cause-specific mortality
in individuals with severe alpha 1-antitrypsin deficiency in comparison
with the general population in Sweden. Int J Chron Obstruct Pulmon Dis.
2016;11:1663-9.

25. Hamesch K, Mandorfer M, Pereira VM, Moeller LS, Pons M, Dolman
GE. mAfl. Liver fibrosis and metabolic alterations in adults with alpha-
1-antitrypsin deficiency caused by the Pi*ZZ mutation. Gastroenterology.
2019;157(3):705-719.e18.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Severe α1-antitrypsin deficiency associated with lower blood pressure and reduced risk of ischemic heart disease: a cohort study of 91,540 individuals and a meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Participants
	Endpoints
	Genotyping
	Statistical analysis
	Meta-analysis
	Results
	Blood pressure
	Lipids and liver parameters
	Cardiovascular disease

	Discussion
	Conclusions
	Acknowledgements
	References


