
 

© 2008 The Authors.

 

1370

 

Journal compilation © 2008 Diabetes UK. 

 

Diabetic Medicine

 

,

 

 

 

25

 

, 1370–1373

 

DIABETIC

 

Medicine

DOI: 10.1111/j.1464-5491.2008.02584.x

 

Blackwell Publishing Ltd

 

Short Report

An association between Type 2 diabetes and 

  

αααα

 

1

 

-antitrypsin deficiency

 

C. S. Sandström, B. Ohlsson*, O. Melander†, U. Westin‡, R. Mahadeva§ and S. Janciauskiene

 

Chronic and Degenerative Disease Research Unit, *Division of Gastroenterology and Hepatology, †Hypertension and Cardiovascular Disease, ‡Otolaryngology and 
Head and Neck Surgery, Department of Clinical Sciences, University Hospital Malmoe, Lund University, Malmo, Sweden and §Department of Medicine, University 
of Cambridge, Addenbrookes Hospital, Cambridge, UK

 

Accepted 19 August 2008

 

Abstract

 

Aims

 

α

 

1

 

-Antitrypsin (AAT) is a serine protease inhibitor which recently has been shown to prevent Type 1 diabetes
development, to prolong islet allograft survival and to inhibit pancreatic B-cell apoptosis 

 

in vivo

 

. It has also been reported
that Type 1 diabetic patients have significantly lower plasma concentrations of AAT, suggesting the potential role of AAT
in the pathogenesis of Type 1 diabetes. We have investigated whether plasma AAT levels are altered in Type 2 diabetes.

 

Methods

 

The study included patients with Type 2 diabetes (

 

n

 

 = 163) and non-diabetic control subjects matched for age,
sex and smoking habits (

 

n

 

 = 158) derived from the population-based Malmö Diet and Cancer study. Plasma samples were
analysed for AAT concentration and phenotype and serum glucose, insulin, C-reactive protein and lipid levels were measured.
Glycated haemoglobin was also measured.

 

Results

 

In the diabetic group, the women had higher mean plasma AAT levels than men (

 

P

 

 < 0.05). The mean plasma
AAT levels did not differ between diabetic and control subjects. However, the number of individuals with low AAT levels
(< 1.0 mg/ml) was 50% higher in the diabetic group (

 

P

 

 < 0.05) and the frequency of AAT deficiency genotypes was 50%
higher (NS) in diabetic compared with control subjects. In the group of diabetic patients with AAT < 1 mg/ml, AAT
directly correlated with systolic blood pressure (

 

P

 

 = 0.048) and inversely correlated with waist–hip ratio (

 

P

 

 = 0.031).

 

Conclusions

 

Our results provide evidence that deficiency of AAT may be associated with an increased risk of developing
Type 2 diabetes.
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Introduction

 

α

 

1

 

-Antitrypsin (AAT) is a member of the serine protease
inhibitor (serpin) family and is one of the major protective
circulating proteins in humans. In addition, AAT regulates
other processes, including reactive oxygen species toxicity,
cell-mediated immunity/tolerance, neutrophil and endotoxin-
mediated inflammation, reproduction, endothelial function

and apoptosis [1–9]. Recently, it has been demonstrated that
over-expression of AAT by gene delivery using recombinant
adeno-associated virus significantly reduced insulitis and
prevented the development of overt hyperglycaemia in non-
obese diabetic (NOD) mice [10,11]. In addition, studies by
Lewis and co-workers have shown that administration of
clinical-grade human AAT prolongs pancreatic islet allograft
survival and exhibits islet-related cytoprotective effects [12].
Although the mechanism by which AAT administration
provides these beneficial therapeutic outcomes remains largely
unclear, recent studies have demonstrated that treatment with
AAT protects pancreatic B-cells against apoptosis through
inhibition of caspase-3 activity [7,9]. As 

 

α

 

1

 

-antitrypsin demon-
strates a marked ability to prevent both diabetes formation (

 

in

 

Correspondence to

 

: Dr Sabina Janciauskiene, Lund University, Department of 
Clinical Sciences, Wallenberg Laboratory, Entrance 46, 2nd floor, 
Malmoe University Hospital, SE-205 02 Malmoe, Sweden. 
E-mail: Sabina.Janciauskiene@med.lu.se

 

dme(19)_2584.fm  Page 1370  Tuesday, October 28, 2008  9:06 AM



 

Short report

 

DIABETIC

 

Medicine

 

© 2008 The Authors.
Journal compilation © 2008 Diabetes UK. 

 

Diabetic Medicine

 

,

 

 

 

25

 

, 1370–1373

 

1371

 

vivo

 

) and B-cell apoptosis (

 

in vitro

 

), one could postulate that
deficiencies in the quantity of AAT may increase the risk of
developing diabetes. In support of this, it has been reported
that Type 1 diabetic patients have significantly lower plasma
levels of AAT [13]. To date, there is no reported data on the
association of plasma AAT levels and Type 2 diabetes. There-
fore, we designed this study to assess whether lower plasma
levels of AAT are associated with Type 2 diabetes.

 

Methods

 

Study participants

 

The study population is derived from the Malmö Diet and
Cancer study (MDC) [14]. The protocols were approved by
local ethics committees and informed consent was obtained
from all subjects. Cardiovascular risk factors were measured in
a random subsample of the MDC referred to as the MDC
cardiovascular arm (MDC-CVA) (

 

n

 

 = 6103). In the present study,
we included patients from the MDC-CVA previously diagnosed
with Type 2 diabetes. Each diabetic patient was assigned a
non-diabetic control subject matched for age, sex and smoking
habit. In this way, we identified 236 cases and 236 control subjects.
Plasma was available for AAT analysis in 163 diabetic and 158
control subjects, forming the final study population.

 

Blood chemistry and blood pressure measurements

 

Serum C-reactive protein (CRP), glucose, total cholesterol,
total triglyceride (TG), high-density lipoprotein (HDL) and
low-density lipoprotein (LDL) cholesterol levels and glycated
haemoglobin (HbA

 

1c

 

) were measured using standard laboratory
methods. Detailed descriptions of the methods are found
elsewhere [15]. Blood pressure (BP) was measured after 5-min
rest in the supine position from the right arm using a mercury
sphygmomanometer. Readings were taken on two occasions by
trained nurses. The systolic BP was defined by ‘phase I’ and the
diastolic BP defined by ‘phase V’ Korotkoff sounds.

 

Analysis of plasma AAT and determination of AAT phenotype

 

Plasma AAT levels and AAT phenotypes were analysed by
nephelometry and isoelectric focusing (IEF) gel electrophoresis
[16] at the Department of Clinical Chemistry in Malmö
(Malmö University Hospital, Sweden) according to standardized
methods. Genotypes were based on the results from the IEF.

 

Statistical analysis

 

The data were analysed using the SPSS software (version 12.0.1
for Windows; SAS Institute, Cary, NC, USA). All variables
were analysed for normal distribution by Kolmogorov–
Smirnov test. Group-wise differences were tested by using the
unpaired Student’s 

 

t

 

-test and, if normality was rejected, the
Mann–Whitney 

 

U

 

-test was used. Correlation coefficients (

 

r

 

)
were obtained by using the Spearman rank-order correlation
coefficient. Fisher’s exact test was used for the calculation of
frequencies. Tests showing 

 

P

 

 < 0.05 were considered to be

significant and data are presented as mean 

 

±

 

 

 

SD

 

 or median
(range). Normal plasma AAT levels are between 0.92–1.72 mg/ml,
and values < 0.9 mg/ml are considered to represent AAT
deficiency [17]. AAT is an acute-phase protein and its con-
centration rises during inflammation and infections [18].
Therefore, subjects with inherited AAT deficiency may also
have higher plasma levels of AAT (up to 1.0 mg/ml). Thus, we
divided our study population into subgroups with low
(< 1.0 mg/ml) or normal/high (

 

≥

 

 1.0 mg/ml) AAT levels [17].

 

Results

 

Clinical and biochemical parameters

 

Blood pressure and weight parameters were significantly
higher in the diabetic compared with the control subjects,
whereas smoking habits did not differ between the two groups
(Table 1). As expected, the diabetic group had higher plasma
glucose (

 

P

 

 < 0.001), insulin (

 

P

 

 < 0.001), HbA

 

1c

 

 (

 

P

 

< 0.001),
TG (

 

P

 

 < 0.001), LDL : HDL ratio (

 

P

 

 < 0.05) and high sensitive
(hs)CRP (

 

P

 

 < 0.001), but lower plasma levels of HDL (

 

P

 

 < 0.001)
compared with control subjects. There was no significant
difference in plasma AAT levels between diabetic and control
participants (Table 1). In the diabetic group, women had
higher plasma AAT levels than men (1.33 

 

±

 

 0.29 vs.
1.24 

 

±

 

 0.27 mg/ml, 

 

P

 

 < 0.05). Next, we selected individuals having
plasma levels of AAT < 1.0 mg/ml for phenotyping. Our results
revealed that the number of individuals with AAT levels
< 1.0 mg/ml was 50% higher in the diabetic group (

 

P

 

 < 0.05).
AAT deficiency genotypes were 50% more common in diabetic
compared with control subjects (Table 1). Specifically, we found
the MZ and FZ in the control group and the MZ, MS and FM
AAT deficiency genotypes in the diabetic group (Table 2).

Plasma AAT levels were not influenced by weight or glycaemic
control in the diabetic group (data not shown).

 

Relationship between plasma AAT and other variables in the 
diabetic and control groups

 

There was a weak, inverse correlation between AAT and TG
concentrations (

 

r

 

 = –0.181, 

 

P

 

 = 0.033, 

 

n

 

 = 139) in diabetic
patients with AAT 

 

≥

 

 1.0 mg/ml. In diabetic subjects with AAT
< 1.0 mg/ml (

 

n

 

 = 23), there was a correlation between plasma
AAT levels and systolic blood pressure (

 

r

 

 = 0.417, 

 

P

 

 = 0.048)
and an inverse correlation between AAT levels and waist–hip
ratio (

 

r

 

 = –0.450, 

 

P

 

 = 0.031). In the subgroup of control subjects
with AAT < 1.0 mg/ml (

 

n

 

 = 11), we found correlations between
AAT and glucose (

 

r

 

 = 0.711, 

 

P

 

 = 0.014) and LDL : HDL ratio
(

 

r

 

 = 0.673, 

 

P

 

 = 0.033) and TG (

 

r

 

 = 0.645, 

 

P

 

 = 0.032).

 

Discussion

 

Our study shows, for the first time, that the number of individuals
with low AAT levels (< 1.0 mg/ml) is about 50% higher in the
diabetic compared with the control group.
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Epidemiological studies show that people with Type 2
diabetes have a greater incidence of cardiovascular disease and
raised blood pressure than the general population [19,20]. A
high waist–hip ratio is a strong predictor of cardiovascular
diseases and it is also associated with Type 2 diabetes [21]. It
is important to point out that our study group of diabetic
patients showed a direct correlation between lower levels of
AAT (< 1.0 mg/ml) and systolic blood pressure (

 

r

 

 = 0.417,

 

P

 

 = 0.048) and an inverse correlation between low AAT levels
and waist–hip ratio (

 

r

 

 = –0.450, 

 

P

 

 = 0.031). These findings
further confirm that changes in plasma AAT levels most likely
are associated with Type 2 diabetes.

Previous studies have demonstrated abnormal plasma AAT
levels in Type 1 diabetic subjects. For instance, Sandler 

 

et al

 

.
have shown that the plasma AAT concentration, as well as
total AAT inhibitory activity, are lower in Type 1 diabetic
subjects than in control subjects [13]. In addition, diabetic
children have significant lower serum AAT concentration and
trypsin inhibitory capacity compared with non-diabetic
children [22]. In support of this, it has recently been demon-
strated that individuals with uncontrolled Type 1 and Type 2
diabetes mellitus have lower serum trypsin inhibitory capacity
compared with control subjects; trypsin inhibitory capacity
inversely correlated with the duration of diabetes (

 

r

 

 = 

 

−

 

0.5420,

 

P

 

 < 0.0001) [23]. In the present study, we were not able to
investigate the association between time from diagnosis of
Type 2 diabetes and plasma AAT levels. However, further
studies will be conducted to test the hypothesis that the true
duration of Type 2 diabetes may be linked to the reduction of
plasma AAT levels.

Several genetic variants of AAT are associated with low
plasma AAT levels. The severe and intermediate AAT
deficiency phenotypes mostly result from combinations of S-,
Z- and the null alleles. The estimated prevalence of the most
important genetic variants of AAT among Caucasians is MM
(93/100), MZ (4.6/100), MS (4.7/100), SS (1/1600), SZ (1/
750) and ZZ (1/1600). Recent reports suggest the potential
existence of at least 116 million carriers of deficiency alleles (Pi
MZ and MS) and 3.4 million deficiency allele combinations
(Pi SZ, SS and ZZ) worldwide [24]. Severe ZZ AAT deficiency

Table 1 Patient demographics and measured plasma markers

Variable Diabetics (n = 163) Controls (n = 158)

Sex (male/female) 88/75 89/69
Age (mean ± SD, years) 59.87 ± 5.99 59.92 ± 5.97
Smoking (never/current/ex-smoker), n 62/26/65 56/32/66
AAT (mean ± SD, mg/ml) 1.28 ± 0.28 1.31 ± 0.23
AAT deficiency, n 15 7
AAT (< 1 mg/ml, n) 23† 11
SBP [median (range), mmHg] 150 (116–210)* 140 (106–190)
DBP [median (range), mmHg] 90 (70–118)* 85 (64–116)
BMI (mean ± SD, kg/cm2) 29.17 ± 4.87* 25.65 ± 3.21
Waist (mean ± SD, cm) 96.52 ± 13.64* 85.94 ± 11.53
WHR(mean ± SD) 0.92 ± 0.09* 0.87 ± 0.09
HbA1c [median (range), %] 7.30 (5.20–13.70)* 4.80 (3.80–5.80)
Glucose [median (range), mmol/l] 9.80 (6.50–25.60)* 4.80 (3.90–5.60)
Cholesterol [mean ± SD, mmol/l] 6.18 ± 1.00 6.29 ± 1.16
TG [median (range), mmol/l] 1.91 (0.59–7.33)* 1.20 (0.56–5.08)
HDL (mean ± SD, mmol/l) 1.16 ± 0.34* 1.32 ± 0.33
LDL (mean ± SD, mmol/l) 4.10 ± 0.93 4.32 ± 1.04
LDL : HDL ratio [median (range)] 3.80 (1.00–9.50)† 3.40 (1.40–9.30)
Insulin [median (range), mIE/l] 12.00 (2.90–70.00)* 6.00 (2.9–24.00)
hsCRP [median (range), mg/l] 0.27 (0.02–5.13)* 0.13 (0.01–2.22)

*P < 0.001.
†P < 0.05.
AAT, α1-antitrypsin; BMI, body mass index; DBP, diastolic blood pressure; HbA1c, glycosylated haemoglobin; HDL, high-density lipoprotein; 
hsCRP, high sensitivity C-reactive protein; LDL, low-density lipoprotein; SBP, systolic blood pressure; TG, triglyceride; WHR, waist–hip ratio. 

Table 2 AAT genotypes in diabetic and non-diabetic control subjects

Diabetic patients Non-diabetic control subjects

Genotype n AAT (mg/ml)* Genotype n AAT (mg/ml)

MM 148 1.33 ± 0.24 MM 151 1.33 ± 0.20
MZ 10 0.75 ± 0.09 MZ 6 0.85 ± 0.07
MS 4 0.88 ± 0.04 —  —
— FZ 1 0.53
MF 1 0.91 —  —

*Mean ± standard deviation.
AAT, α1-antitrypsin; n, number of cases.
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is convincingly linked to increased susceptibility to the
development of chronic obstructive pulmonary disease [25],
neonatal hepatitis, liver cirrhosis and hepatocellular carcinoma
[26,27]. Individuals heterozygous for the S or Z allele (MZ or
MS) have 55–80% of normal plasma AAT levels [28] and, to
date, these intermediate AAT deficiency genotypes have not
been linked to the development of specific diseases. In this
study, we determined AAT alleles in a cohort of 163 patients
with Type 2 diabetes and found that 11.5% had heterozygous
MZ or MS (9 and 2.5%, respectively) AAT deficiency,
whereas only 3.9% of the matched non-diabetic control
subjects (

 

n

 

 = 1558) had MZ AAT. These novel findings
suggest a role of AAT in inhibition of pancreatic B-cell
apoptosis. Additional clinical studies are required to assessing
the genotype of AAT in Type 2 diabetes and compare the
degree of 

 

Β

 

-cell apoptosis in diabetic patients with normal and
low levels of AAT.

 

Competing interests

 

Nothing to declare.

 

Acknowledgements

 

This study was supported by grants from the Swedish
Research Council (SJ), Lundström and Mossfelt Foundations
(BO and SJ).

 

References

 

1 Aleporou-Marinou V, Pappa H, Marinou H, Yalouris P, Patargias T.
Presence of 

 

α

 

1

 

-antitrypsin and transferrin in human follicular fluid—
correlation with fertilization. 

 

Comp Biochem Physiol B Biochem
Mol Biol

 

 2002; 

 

133

 

: 105–111.
2 Breit SN, Wakefield D, Robinson JP, Luckhurst E, Clark P, Penny R.

The role of 

 

α

 

1-antitrypsin deficiency in the pathogenesis of immune
disorders. Clin Immunol Immunopathol 1985; 35: 363–380.

3 Brigham KL, Stecenko AA. Gene therapy for acute lung injury. Intensive
Care Med 2000; 26: S119–123.

4 Churg A, Dai J, Zay K, Karson A, Hendricks R, Yee C et al. α1-
Antitrypsin and a broad spectrum metalloprotease inhibitor,
RS113456, have similar acute anti-inflammatory effects. Lab
Invest 2001; 81: 1119–1131.

5 Huang X, Laurent PA, Zalma R, Pezerat H. Inactivation of α1-
antitrypsin by aqueous coal solutions: possible relation to the
emphysema of coal workers. Chem Res Toxicol 1993; 6: 452–458.

6 Jie Z, Cai Y, Yang W, Jin M, Zhu W, Zhu C. Protective effects of
α1-antitrypsin on acute lung injury in rabbits induced by endotoxin.
Chin Med J (Engl) 2003; 116: 1678–1682.

7 Petrache I, Fijalkowska I, Zhen L, Medler TR, Brown E, Cruz P et al.
A novel anti-apoptotic role for α1-antitrypsin in the prevention of
pulmonary emphysema. Am J Respir Crit Care Med 2006; 173:
1222–1228.

8 Subramaniyam D, Virtala R, Pawlowski K, Clausen IG, Warkentin S,
Stevens T et al. TNF-α-induced self-expression in human lung

endothelial cells is inhibited by native and oxidized α1-antitrypsin.
Int J Biochem Cell Biol 2008; 40: 258–271.

9 Zhang B, Lu Y, Campbell-Thompson M, Spencer T, Wasserfall C,
Atkinson M et al. α1-Antitrypsin protects beta-cells from apoptosis.
Diabetes 2007; 56: 1316–1323.

10 Lu Y, Tang M, Wasserfall C, Kou Z, Campbell-Thompson M,
Gardemann T et al. α1-Antitrypsin gene therapy modulates cellular
immunity and efficiently prevents type 1 diabetes in non-obese
diabetic mice. Hum Gene Ther 2006; 17: 625–634.

11 Song S, Goudy K, Campbell-Thompson M et al. Recombinant
adeno-associated virus-mediated α1-antitrypsin gene therapy prevents
type I diabetes in NOD mice. Gene Ther 2004; 11: 181–186.

12 Lewis EC, Shapiro L, Bowers OJ, Dinarello CA. α1-Antitrypsin
monotherapy prolongs islet allograft survival in mice. Proc Natl
Acad Sci U S A 2005; 102: 12153–12158.

13 Sandler M, Gemperli BM, Hanekom C, Kuhn SH. Serum α1-protease
inhibitor in diabetes mellitus: reduced concentration and impaired
activity. Diabetes Res Clin Pract 1988; 5: 249–255.

14 Berglund G, Elmstahl S, Janzon L, Larsson SA. The Malmo Diet and
Cancer Study. Design and feasibility. J Intern Med 1993; 233: 45–51.

15 Groop L, Forsblom C, Lehtovirta M, Tuomi T, Karanko S, Nissen M
et al. Metabolic consequences of a family history of NIDDM (the
Botnia study): evidence for sex-specific parental effects. Diabetes
1996; 45: 1585–1593.

16 Laurell CB, Eriksson S. The electrophoretic α1-globulin pattern of
serum in α1-antitrypsin deficiency. Scand J Clin Lab Invest 1963; 15:
132–140.

17 Ganrot PO, Grubb A, Stenflo J. Clin Chem 1997; 7th edition: 132–
133.

18 Stockley RA. Proteases and anti-proteases. Novartis Found Symp
2001; 234: 189–204.

19 Hypertension in Diabetes Study (HDS). I. Prevalence of hypertension
in newly presenting type 2 diabetic patients and the association with
risk factors for cardiovascular and diabetic complications. J Hypertens
1993; 11: 309–317.

20 Kannel WB, McGee DL. Diabetes and cardiovascular disease. The
Framingham study. J Am Med Assoc 1979; 241: 2035–2038.

21 Vazquez G, Duval S, Jacobs DR Jr, Silventoinen K. Comparison of
body mass index, waist circumference, and waist/hip ratio in pre-
dicting incident diabetes: a meta-analysis. Epidemiol Rev 2007; 29:
115–128.

22 Lisowska-Myjak B, Pachecka J, Kaczynska B, Miszkurka G,
Kadziela K. Serum protease inhibitor concentrations and total
antitrypsin activity in diabetic and non-diabetic children during
adolescence. Acta Diabetol 2006; 43: 88–92.

23  Hashemi M, Naderi M, Rashidi H, Ghavami S. Impaired activity of
serum α1-antitrypsin in diabetes mellitus. Diabetes Res Clin Pract
2007; 75: 246–248.

24 Blanco I, Fernandez E, Bustillo EF. α1-Antitrypsin PI phenotypes S
and Z in Europe: an analysis of the published surveys. Clin Genet
2001; 60: 31–41.

26 Eriksson S, Carlson J, Velez R. Risk of cirrhosis and primary liver
cancer in α1-antitrypsin deficiency. N Engl J Med 1986; 314: 736–739.

25 Lomas DA, Mahadeva R. α1-Antitrypsin polymerization and the
serpinopathies: pathobiology and prospects for therapy. J Clin Invest
2002; 110: 1585–1590.

27 Laurell CB, Eriksson S. The electrophoretic α1 globulin pattern of
serum in α1 antitrypsin deficiency. Scand J Clin Lab Invest 1963; 15:
132–140.

28 Mulgrew AT, Taggart CC, McElvaney NG. α1-Antitrypsin deficiency:
current concepts. Lung 2007; 185: 191–201.

dme(19)_2584.fm  Page 1373  Tuesday, October 28, 2008  9:06 AM


