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 Abstract 
  Background:  Type 2 diabetes mellitus (T2DM) is the leading cause of chronic kidney disease 
and a major cause of cardiovascular disease (CVD) mortality. Inflammation is closely involved 
in the pathogenesis of T2DM, and reactive amyloidosis occurs in the presence of chronic in-
flammation. We hypothesized that patients with T2DM may have a higher prevalence of renal 
AA amyloidosis (RAAA) and that this could contribute to worse atherosclerosis and CVD.
 Materials and Methods:  We analyzed 330 autopsy kidneys from patients with a previous 
T2DM diagnosis. The kidney tissue was evaluated in order to determine the presence of dia-
betic nephropathy and RAAA, and systemic vessels were evaluated for the presence of ath-
erosclerosis.  Results:  RAAA was detected in 9% of our study population and was associated 
with an increased risk for nodular sclerosis [OR (95% CI)] [11 (2.04–59.16)], for chronic ischemic 
cardiomyopathy [4.59 (2.02–10.42)], for myocardial infarction [3.41 (1.52–7.64)] as well as for 
aortic [4.75 (1.09–20.69)], coronary [3.22 (1.47–7.04)], and intrarenal atherosclerosis [3.84 
(1.46–10.09)].  Conclusions:  RAAA is prevalent in T2DM and is associated with worse CVD and 
renal disease, likely because RAAA is a marker of severe chronic inflammation. 
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 Introduction 

 Type 2 diabetes mellitus (T2DM) is the leading cause of chronic kidney disease and a major 
cause of cardiovascular disease (CVD) mortality  [1] . There is clear evidence that inflammation 
is closely involved in the pathogenesis of T2DM and in the development of chronic complica-
tions such as atherosclerosis, coronary disease, retinopathy, neuropathy, and nephropathy 
 [2–7] . Circulating levels of interleukin-6 (IL-6), interleukin-1 (IL-1), and tumor necrosis factor-α 
(TNF-α) are all elevated in diabetic patients and are associated with CVD  [8–11] .

  Reactive amyloidosis (AAA) occurs in the presence of chronic inflammatory conditions 
such as rheumatoid arthritis and chronic infections  [12–17] . Although AAA can affect many 
organs, renal involvement is one of the most common features in AAA. Renal AAA (RAAA) is 
diagnosed by renal biopsy, and amyloid deposition is found in different degrees in mesangium, 
capillary walls, tubules, and blood vessels. 

  T2DM is associated with the generation of advanced glycation end products (AGEs), 
which are closely associated with markers of inflammation such as IL-1, IL-6, and TNF-α  [18] , 
and play a role in the development of diabetic nephropathy and vasculopathy  [19] . It has also 
been suggested that AGEs may be involved in either amyloidogenesis or complications related 
to amyloid  [20, 21] . Since RAAA is a disease that occurs under the influence of chronic inflam-
mation and T2DM is considered per se as an inflammatory state, we thus hypothesized that 
patients with T2DM may have a higher prevalence of RAAA and that this could contribute to 
worse atherosclerosis and CVD. To our knowledge, there are no studies that have evaluated 
the association of T2DM and RAAA in a large number of autopsy cases.

  Materials and Methods 

 Participants 
 The study included 330 autopsy kidneys from patients with a previous diagnosis of T2DM 

in the period from 2001 until 2011. Patients were included regardless of the cause of death 
or the presence of CVD. Patients were excluded if they had the clinical or postmortem diag-
nosis of tuberculosis, osteomyelitis, bronchiectasis, inflammatory bowel disease, rheumatoid 
arthritis, systemic lupus erythematosus and/or ankylosing spondylitis.

  Variables 
 The primary outcome was RAAA, defined as the positivity of immunohistochemistry 

through indirect immunoperoxidase with the primary AA antibody. The postmortem regis-
tries were analyzed focusing on the description of cardiac and vascular tissues, assuming that 
affection in these structures would reflect inflammation and chronic disease. The variables 
included for the analyses were chronic ischemic cardiomyopathy (myocardial interstitial 
fibrosis with atrophy of myocardial fibers), myocardial infarction (myocardial coagulative 
necrosis) and aortic, coronary, and intrarenal atherosclerosis. The extension and severity of 
atherosclerosis were defined as follows: extension: (a) <25% of the vascular surface; (b) 
26–50% of the vascular surface, and (c) >50% of the vascular surface; severity: (a) lipidic 
striae and nodules, (b) calcifications, and (c) ulcerations, fissures, and thrombosis.

  Measurements 
 Kidney tissue was fixed in 10% formaldehyde solution and embedded in paraffin. Pieces 

of 3 μm were cut and stained with hematoxylin-eosin, Periodic Acid-Schiff, Masson’s trichrome 
and silver methenamine. The tissue was evaluated by two different pathologists in order to 
determine the presence of diabetic nephropathy (according to the Pathologic Classification 
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of Diabetic Nephropathy  [22] ). We intentionally analyzed the kidney for the presence of 
glomerular, interstitial, and vascular material suggestive of amyloidosis (extracellular, amor-
phous, and eosinophil material), which was confirmed by the characteristic apple-green bire-
fringence under polarized light with Congo red stain  [23]  and by Thioflavin-T. In addition to 
the positivity by Congo red stain and Thioflavin-T, immunohistochemistry was performed 
through indirect immunoperoxidase. Pieces of 2 μm were obtained from the paraffin block 
and analyzed with the technique of avidin-biotin-peroxidase complex (ABC; StreptAB-
Complex/HRP; DAKO Corp., Carpinteria, Calif., USA) previously described  [24]  with the 
primary AA antibody (FLEX Monoclonal Mouse Anti-Human Amyloid A, Code IR605)  [25] . As 
a negative control, tissues were incubated at normal ram serum. As a positive test, we used a 
liver fragment with previously diagnosed AAA. Indirect immunoperoxidase was evaluated by 
two different pathologists. Demographic data was obtained from the medical records. In 
order to confirm the presence of RAAA, ten well-preserved samples obtained from the paraffin 
blocks were randomly selected for electronic microscopy.

  Statistical Analysis 
 The variables are described as percentages and frequencies. The association measures 

were analyzed by χ 2  and odds ratios using STATA version 8.

  Results 

 The mean age of the population was 61 ± 13 years, and 47% were female. The main cause 
of death was sepsis (46%), followed by neoplasia (18%) and uremia-associated complica-
tions (15%) ( table 1 ). Eighty percent (n = 257) of the population had diabetic nephropathy. 
RAAA was detected in 9% (n = 30) of our study population ( table 1 ) but had only been diag-
nosed in 2% of the cohort when the autopsies were evaluated for the first time. As shown in 
 table 1 , we observed that patients with RAAA had a longer mean duration of T2DM (18 ± 13 
vs. 11 ± 9 years, p = 0.01), and diabetic nephropathy was present in 93% of the RAAA patients 
versus 73% in the no RAAA (NRAAA) patients (p = 0.03). The data was analyzed by the type 
of diabetic nephropathy; nodular sclerosis (type III diabetic nephropathy) was more frequent 
in the RAAA patients (10 vs. 1%, p < 0.001). Types I (0 vs. 0.3%, p = 0.75), IIa (0 vs. 7%, p = 
0.12), IIb (17 vs. 17%, p = 0.9), and IV (67 vs. 50%, p = 0.09) of the diabetic nephropathy clas-
sification were similar among RAAA and NRAAA patients.

  The cause of death was similar among RAAA and NRAAA patients, except for uremia 
complications, which were significantly higher in RAAA patients, and for neoplasia, which 
was only present in NRAAA patients. The percentages of death from sepsis heart/cerebral 
ischemia, gastrointestinal bleeding, valvular heart disease, hemorrhagic stroke, and liver 
cirrhosis were similar in the two groups. There was a trend towards more complications from 
chronic obstructive pulmonary disease in RAAA patients.

  When systemic vascular tissues were analyzed, we found that chronic ischemic cardio-
myopathy, myocardial infarction, aortic atherosclerosis, coronary atherosclerosis, and renal 
atherosclerosis were more frequent in the RAAA group ( table 2 ). In addition, when we 
analyzed the data according to the severity score for aortic, coronary, and renal atheroscle-
rosis, the differences between the RAAA and the NRAAA groups were observed only in the 
more severe categories ( table 2 ).

  Likewise, vascular disease was associated with the presence of RAAA and was more 
severe in the RAAA group for chronic ischemic cardiomyopathy [OR (95% CI)] [4.59 (2.02–
10.42)], for myocardial infarction [3.41 (1.52–7.64)], for aortic atherosclerosis [4.75 (1.09–
20.69)], and for intrarenal atherosclerosis [3.84 (1.46–10.09)] ( table 3 ).
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 Table 1.  General characteristics of the study population

Total RAAA NRAAA p

Number of patients 330 30 300
Mean age ± SD, years 61.2 ± 13.1 63.7 ± 12.6 61 ± 13.1 0.27
Male, % 53 60 52 0.42
Mean duration of T2DM, years 12 ± 9.5 17.5 ± 13 11.4 ± 9 0.01
Without antidiabetic drugs, % 57 50 57 0.73

Drugs, %
Glibenclamide 25 30 24 0.73
Metformin 18 33 16 0.04
Insulin 11 13 11 0.76

Hypertension, % 66 73 66 0.39
Hypertension duration, years 4.5 5.5 ± 8.8 4.4 ± 7.8 0.44

Causes of death, n (%)
Sepsis 152 (46) 11 (37) 141 (47) 0.29
Neoplasia 57 (17) 0 57 (20) 0.01
Uremia-related complications 49 (15) 8 (27) 41 (14) 0.05
Heart/cerebral ischemia 26 (8) 4 (13) 22 (7) 0.24
Gastrointestinal bleeding 13 (4) 1 (3) 12 (4) 0.85
Chronic obstructive pulmonary disease 13 (4) 3 (10) 10 (3) 0.07
Valvular heart disease 6 (2) 1 (3) 5 (2) 0.73
Hemorrhagic stroke 6 (2) 1 (3) 5 (2) 0.62
Liver cirrhosis 6 (2) 0 6 (2) 0.22
Diabetic nephropathya 257 (78) 28 (93) 229 (73) 0.03

Type I (mild or nonspecific LM changes ) 1 (0.3) 0 1 (0.3) 0.75
Type IIa (mild mesangial expansion) 22 (7) 0 22 (7) 0.12
Type IIb (severe mesangial expansion) 57 (17) 5 (17) 50 (17) 0.9
Type III (nodular sclerosis) 6 (2) 3 (10) 3 (1) <0.001
Type IV (advanced diabetic glomerulosclerosis) 171 (52) 20 (67) 151 (50) 0.09

 LM = Light microscopy. a According to the 2010 Pathologic Classification of Diabetic Nephropathy [22].

  Table 2. Differences between atherosclerosis and CVD in RAAA and NRAAA patients

RAAA  NRAAA p
n % n %

Chronic ischemic cardiomyopathy 20 67 91 30 <0.001
Myocardial infarction 12 40 49 16 0.01
Aortic atherosclerosis 28 93 224 75 0.02

IIa 2 7 8 3 0.22
IIb 3 10 47 16 0.4
IIc 2 7 12 4 0.49
IIIb 1 3 28 9 0.26
IIIc 20 67 113 38 0.01

Coronary atherosclerosis 25 83 185 62 0.02
Ia 3 10 31 10 0.9
IIa 1 3 7 2 0.73
IIb 6 20 60 20 1
IIc 1 3 6 2 0.62
IIIc 14 47 64 21 0.01

Renal atherosclerosis 7 23 22 7 0.01
IIb 0 0 6 2 0.43
IIIc 7 23 13 4 <0.001
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  The arterioles and diabetic nodules were the most common areas for RAAA deposition 
in the kidneys ( fig. 1 ). Diabetic glomerular lesions were also associated with RAAA for diabetic 
nephropathy [4.34 (0.99–18.9)] and for nodular sclerosis or Kimmelstiel-Wilson lesions [11 
(2.04–59.16)] ( table 3 ).

  When samples were analyzed by electron microscopy, there was diffuse thickening of the 
glomerular basal basement membranes and mesangial expansion with fibrillary collagen 
deposits, findings consistent with diabetic nephropathy. In addition, irregular nonorganized 
mesangial fibrillary deposits were found in the glomerular basal basement membranes, inter-
stitium, and some tubular membranes. These deposits were formed by 7–10-nm fibrils ( fig. 2 ).

Risk factor OR (95% CI) p

Chronic ischemic cardiomyopathy 4.59 (2.02 – 10.42) <0.001
Myocardial infarction 3.41 (1.52 – 7.64) 0.01
Aortic atherosclerosis 4.75 (1.09 – 20.69) 0.02
Aortic IIIc atherosclerosis 3.30 (1.47 – 7.41) 0.01
Coronary IIIc atherosclerosis 3.22 (1.47 – 7.04) 0.01
Renal atherosclerosis 3.84 (1.46 – 10.09) 0.01
Renal IIIc atherosclerosis 6.71 (2.37 – 19.03) <0.001
Diabetic nephropathya 4.34 (0.99 – 18.9) 0.01
Nodular sclerosis 11 (2.04 – 59.16) <0.001
Advanced diabetic glomerulosclerosis 1.97 (0.88 – 4.37) 0.08

Univariate analysis. a Kimmelstiel-Wilson lesion.

 Table 3. Factors associated with 
RAAA

a b c

  Fig. 1.  Distribution of RAAA.  a  Renal tissue photomicrography ×10 with diabetic nephropathy and RAAA by 
indirect immunoperoxidase with amyloid deposition in a preglomerular arteriole and glomerular nodule.
 b  Photomicrography ×40 with extensive glomerular amyloid deposition.  c  Photomicrography ×40 with mild 
mesangial and extensive arteriolar amyloid deposition. 

a b

  Fig. 2.  Electronic microscopy 
( a  ×8,000 and  b  ×20,000) show-
ing irregular nonorganized fibril-
lary deposits in the mesangium. 
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  Discussion 

 In this large cohort of autopsies of patients with T2DM, we identified a 9% prevalence of 
RAAA. This prevalence is similar to that reported in other chronic inflammatory conditions 
such as ankylosing spondylitis, psoriatic arthritis, familial Mediterranean fever, and rheu-
matoid arthritis  [26, 27] , in which AAA is more frequent with long-lasting and continuous 
activity  [28] . The autopsies from patients with RAAA indicated a more severe chronic inflam-
matory disease as suggested by worse coronary, aortic, and renal vascular disease. In addition, 
diabetic nephropathy was more severe in the RAAA group.

  The beginning and progression of atherosclerosis in T2DM patients is due, among other 
factors, to inflammation  [29] . Hyperglycemia induces oxidative stress, which mediates inflam-
mation through cytokines and transcription factors (IL-1, nuclear factor-κB)  [30] . In hyper-
glycemia, there is increased production of AGEs, which damage target cells by modifying the 
intracellular proteins, extracellular matrix components, and by binding plasma proteins 
(modified by AGE precursors) to AGE receptors  [31]  on endothelial cells. The AGE receptor 
ligation activates nuclear factor-κB, leading to proinflammatory gene expression  [32, 33] . 
This inflammatory cascade may promote amyloidogenic molecules that result in AAA in 
parallel to severe atherosclerosis.

  In addition, it has been suggested that inflammation plays an important role in the patho-
genesis of diabetic nephropathy  [34] . It is known that among inflammatory cytokines, IL-1, 
IL-6 and TNF-α are relevant for the development of diabetic nephropathy  [35] . Studies in 
T2DM patients demonstrate a significant association between IL-6 and glomerular basement 
membrane thickening, a crucial lesion of diabetic nephropathy and a strong predictor of re-
nal progression  [36] . TNF-α is cytotoxic to renal cells and able to induce direct renal injury 
 [37, 38] .

  Serum amyloid A (SAA) levels in patients with T2DM are significantly higher than those 
in healthy subjects and are associated with an increase in urinary albumin excretion, 
suggesting that SAA levels are associated with the development of diabetic nephropathy  [38] . 
Although the only clearly established adverse role of SAA has been in the pathogenesis of 
AAA, it is possible that SAA is involved in the pathogenesis of both atherosclerosis and diabetic 
nephropathy through the above-mentioned mechanisms. Nevertheless, our data does not 
prove that SAA is involved in the progression of these disorders, and it is possible that SAA is 
a marker of severe inflammation rather than playing a causative role in these diseases.

  What are the implications of our results? First, we found that T2DM is associated with 
RAAA and that the diagnosis is often missed when tissue is routinely analyzed. Second, we 
found a clear association of RAAA with worse CVD and renal disease, likely because RAAA is 
a marker of severe chronic inflammation. Third, RAAA may explain the adverse renal outcomes 
observed in some patients with T2DM. We found that uremia complications were signifi-
cantly higher in patients with RAAA. Finally, RAAA was treated with eprodisate, a drug that 
interferes with the interactions between amyloidogenic proteins and glycosaminoglycans 
and thereby inhibits polymerization of amyloid fibrils and deposition of the fibrils in tissues. 
In a study involving 183 patients with RAAA mostly related to arthritis and inflammatory 
autoimmune disease, eprodisate was associated with a slower decline in kidney function  [39] . 
Whether this treatment would be beneficial for diabetic nephropathy with RAAA needs to be 
determined.

  Our study has several strengths. First, this is the first large cohort of autopsies from 
T2DM to describe the prevalence of RAAA and to evaluate the association between the severity 
of CVD and renal disease with RAAA. Second, all autopsies were analyzed by two different 
pathologists blinded to the investigation. Finally, RAAA was analyzed by the gold standard 
method.
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  The main limitations of the study are the lack of serum or urinary markers of kidney 
disease or inflammation. In addition, only 40% of the patients had optimal treatment for 
diabetes, which could make the population less generalizable, especially for high-income 
countries. Finally, we did not have a control group without diabetes in which the prevalence 
of RAAA was determined for comparison.

  In conclusion, RAAA is prevalent in T2DM and is associated with worse CVD and renal 
disease. Studies replicating our findings are warranted in order to confirm these associations. 
Whether treating RAAA in this population is beneficial needs to be determined in further 
studies.
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