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Amyloidosis is a group of diseases characterized by the 
accumulation of amorphous proteins called as amy-

loids in the extracellular space as insoluble beta layers and 
the resultant development of organ dysfunction.[1] Depen-
dent on the type of the amyloid material, and thus on the 
etiology of the disease, currently, many types of amyloido-
sis have been defined; the most prevalent ones encoun-
tered among them are primary amyloidosis and amyloid A 
(AA) amyloidosis.[2] AA amyloidosis is assumed to develop 
due to continuous hepatic secretion of an acute phase re-

actant, serum amyloid A protein. Kidneys and the reticu-
loendothelial system are the most frequently involved or-
gans. Renal involvement is mostly seen as the first finding 
for the diagnosis of AA amyloidosis, and it is also a worse 
prognostic factor as for the patient’s survival.[3]

Apart from various metabolic problems arising from renal 
dysfunction, chronic renal failure (CRF) impairs the quality 
of life and induces critically important increases in mortal-
ity rates due to cardiovascular causes and infection.[4] Nutri-
tional status is thought to play an important role in CRF-re-
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lated morbidity and mortality.[5] Although body mass index 
(BMI) is not an ideal marker of nutritional status, it has been 
widely used as a parameter over the years.[6] In hypoalbu-
minemia-related diseases developed in association with 
chronic inflammation, proteinuria, and gastrointestinal 
involvement, body weight, which is a component of BMI, 
may be detected at unrealistically higher levels due to de-
creased oncotic pressure. Accordingly, when body weight 
is used as a marker of nutrition, it may yield inconsistent 
results in the prediction of a relationship between BMI and 
the prognosis of renal amyloidosis. Modified BMI (mBMI), 
which is calculated by multiplying the serum albumin lev-
els by BMI, has been suggested as a potential compensa-
tion for erroneous estimates due to fluid retention. In this 
study, we aimed to investigate the correlation between the 
prognosis of the patients who developed CRF due to AA 
amyloidosis and mBMI.

Methods

We retrospectively reviewed the data of patients with 
biopsy-proven renal AA amyloidosis who were followed 
up at the nephrology clinic between January 2001 and 
May 2013. All patients included in the analysis underwent 
renal biopsies, and histopathological analyses established 
the diagnosis of AA amyloidosis. Cases of other types of 
amyloidosis were excluded. From the patients’ follow-up 
files and hospital records, demographic data including 
clinical, laboratory, and follow-up data were retrieved. The 
patients who came for the control visit at least once after 
the establishment of the diagnosis of amyloidosis were in-
cluded.

When investigated for the etiology of AA amyloidosis, the 
criteria published by Livneh et al.[7] for the diagnosis of Fa-
milial Mediterranean fever (FMF) were considered. Other 
etiological factors were determined after re-examination 
of the patient files. MDRD -4 formula was used to calculate 
creatinine clearance, and the stages of renal failure were 
determined according to the K/DOQI-NKF guidelines.[8, 9]

During the first admission of the patients, BMI was calcu-
lated as the body weight in kilograms divided by the square 
of the height in meters and mBMI was calculated by multi-
plying the serum albumin level (gr/dl) with BMI. The patients 
were divided into the following two groups: group 1 (n=60), 
mBMI <57.3 kg/m2 and group 2, mBMI ≥57.3 kg/m2.

Since it is a retrospective analysis and the personal ID of the 
patients was kept secret, the approval of an Ethics Commit-
tee was not obtained. The study was performed in compli-
ance with the principles of Declaration of Helsinki.

Statistical Analysis
Data with normal distribution were expressed as mean± 
standard deviation and those without normal distribution 
were given as median±interquartile range (IQR). For the 
comparison of parametric variables and nonparametric 
variables, Student t test and Mann–Whitney U test were 
used, respectively. For the comparison of categorical vari-
ables, the chi-square test was used. For the predictors of 
survival, Cox proportional hazards model and linear analy-
sis (Enter model) were used. For renal and patient survival 
analysis, Kaplan–Meier curves and log rank (Mantel–Cox) 
tests were used. The ROC curve was used to calculate the 
predictive values of mBMI for mortality. P<0.05 was consid-
ered as statistically significant. For analyses, SPSS 20.0 soft-
ware (SPSS Inc., Chicago, USA) was used. 

Results
The median age and follow-up period of 121 patients (F/M: 
37/84) were 43 (19) years and 26 (56) months, respectively 
(Table 1). As etiological factors for AA amyloidosis, FMF 
(n=45) and tuberculosis (n=30) were most frequently de-
tected. The median creatinine, eGFR, serum albumin, and 
urine protein levels were detected as 1.3 (2.2) mg/dl, 60.3 
(79.7) ml/min/1.73m2, 2.6 (1.5) gr/dl, and 5.3 (7) gr/d, re-
spectively. Any intergroup difference was not observed 
with respect to the distribution of age, sex, body weight, 
BMI, etiological factors, and serum urea and creatinine lev-
els. However, the follow-up period, mBMI, and serum albu-
min levels were significantly higher in group 2.

Survival Analysis
The frequency of development of renal failure requiring 
dialysis till the end of follow-up period was not different 
between the groups. However, the time elapsed till dialy-
sis and renal and patient survival times were shorter and 
the mortality rate was higher in group 1 than in group 2 
(Table 2). Kaplan–Meier survival graphics outlined the renal 
and patient survival rates between the groups (Figs. 1, 2). 
In multivariate survival and linear regression analysis, we 
observed that mBMI could significantly predict mortality; 
however, except for the time to dialysis, other factors could 
not significantly predict mortality (Tables 3, 4).
In the analysis of correlation between mortality and mBMI 
using ROC analysis, when the area under curve (AUC) was 
0.667 (p=0.002) and the threshold value for mBMI was ac-
cepted as 45.7, then the negative and positive predictive 
values for mortality were determined as 0.607 and 0.689, 
respectively (Fig. 3). When BMI, serum albumin, and mBMI 
were compared with respect to their correlations with mor-
tality using ROC analysis, the AUC of mBMI was larger than 
that of the other two parameters (Fig. 4).
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Discussion
The correlation between survival and nutritional status in 
patients with CRF demonstrates marked differences when 
compared with the general population. In a population 
generally accepted as healthy, a J- shaped relationship was 
observed between BMI and mortality (in other words, the 
risk of mortality increases below and above the range of 
22.5–24.9). Besides, it has been demonstrated that protein-
energy loss and inflammation are important predictors of 
mortality; in cases with CRF, heart failure, cirrhosis, chronic 
pulmonary disease, and cancer, survival times prolong in 
line with increase in BMI.[10, 11] This relationship between 
obesity and survival has been called as “obesity paradox.” 
Although obesity is known as an important risk factor for 

Table  1. Basic characteristics of the patients

 All patients Group 1 Group 2 P
 (n=121) (n=60) (n=61)

Demographic characteristics     

Age (years) 43 (19) 42 (18) 44 (22) 0.654
Sex (F/M) 37/84 15/45 22/39 0.187
Follow-up (months) 26 (56) 15 (33) 35 (59) 0.001
Body weight (kg) 62 (15) 60.4 (16) 62 (14) 0.323
Body mass index (kg/m²) 21.9 (3.2) 21.4 (3.9) 22.2 (2.5) 0.065
mBMI 57.3 (32.9) 41.5 (15.6) 74.2 (21.8) <0.001

Etiologic factors of amyloidosis (n)    

AAA 45 19 26 0.402
Tuberculosis 30 19 11
Bronchiectasis 8 3 5
Inflammatory bowel disease  4 1 3
Romatologic  10 6 4
Unknown 24 12 12

Laboratory    

BUN (mg/dL) 44 (60) 40.5 (46) 55 (72) 0.420
Creatinine (mg/dL) 1.3 (2.2) 1.28 (2.7) 1.56 (2) 0.699
eGFR (ml/min) 60.3 (79.7) 66.7 (87.9) 57.9 (77.3) 0.701
Hemoglobin (g/dl)  12  (3) 12.2 (3) 12 (3) 0.215
Uric acid (mmol/L) 5.9 (2.2) 5.5 (2.3) 6.2 (2.3) <0.001
Sodium (mmol/l) 139 (4) 139 (3.9) 139 (4) 0.416
Potassium (meq/L) 4.5 (1) 4.4 (1) 4.5 (1) 0.099
Albumin (g/dl) 2.6 (1.5) 1.9 (0.7) 3.4 (1.1) <0.001
Calcium (mg/dL) 8.5 (1.3) 8.2 (1.3) 8.8 (1.1) <0.001
Phosphorus (mg/dL) 4.5 (1.5) 4.6 (1.4) 4.4 (1.7) 0.324
Intact PTH (pg/ml) 75 (101) 73.5 (81) 78 (141) 0.866
Total cholesterol (mmol/L) 233 (146) 295.5 (162) 200 (100) <0.001
LDL (mmol/L) 145 (117) 179 (150) 124 (76) <0.001
Triglyceride (mmol/L) 180 (170) 250 (216) 136 (105) <0.001
Ferritin (ng/ml) 105 (180) 151 (234) 63 (130) 0.003
Proteinuria (gr/24 h) 5.3 (7) 7.1 (8) 3.7 (6) <0.001

Table 2. Comparison between patient and renal survivals 
according to mBMI groups

 Group 1 Group 2 P
 (n=60) (n=61) 

Requirement 35 (58%) 33 (54%) 0.639
for dialysis (n, %) 
Time to dialysis 13.9±20.8 25.7±28.1 0.040
(months) 
Renal survival 49.2±7.4 75.1±8.9 0.027
(months) 
Mortality (n, %) 30 (50%) 20 (32.7%) 0.041
Patient survival 58.9±9.1 106.9±10.4 0.003
(months) 

Data were presented as mean±SD. mBMI, modified body mass index.
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CRF and end-stage renal failure, it has not been fully un-
derstood how higher BMI values demonstrate protective 
effect in patients who developed CRF during and before 
dialysis.[12-14] However, the possible roles played by obesity-
related hemodynamic stability, defense against endotoxins 
in circulation provided by lipoproteins, protective cytokine 
profile, retention of toxins by fat mass, and antioxidation 

provided by muscle mass have been suggested within this 
context.[11]

In the MEDLINE database, a study investigating the corre-
lation between the nutritional status of patients with AA 
amyloidosis and prognosis could not be found. Since AA 
amyloidosis is a systemic and progressive disease and dif-
ferent from CRF cases related to other etiologies, it may 
induce more severe malnutrition because of the devel-
opment of malabsorption syndrome due to involvement 
of gastrointestinal system or occurrence of restrictive car-
diomyopathy secondary to cardiac involvement. Besides, 
since AA amyloidosis develops secondary to uncontrolled 
systemic inflammation and malnutrition-inflammation 
complex is a robust predictor of mortality, there might be a 

95 % Confidence Interval

Table 3. Multivariate survival analysis of the predictors of mortality (Cox proportional hazards model)

Predictors of mortality Beta Odds ratio    P

   Lower      Upper 

Age (years) 0.004 1.004 0.980  1.028 0.757
Time to dialysis (months) -0.027 0.974 0.958  0.990 0.002
Serum albumin (g/dl) 0.324 1.382 0.458  4.171 0.566
eGFR (ml/min) -0.009 0.991 0.973  1.009 0.308
Serum creatinine (mg/dl) -0.098 0.907 0.775  1.060 0.220
Proteinuria (g/24 h) -0.027 0.974 0.918  1.033 0.381
mBMI -0.018 0.983 0.966  0.999 0.040

mBMI, Modified body mass index.

95% Confidence interval

Table 4. Linear regression analysis of mBMI as a predictor of 
mortality (Enter method)

Predictor Beta p 

   Lower Upper

Constant 0.788 <0.001 0.564 1.012
mBMI -0.006 <0.001 -0.010 -0.003

Follow-up time (months)

Survival Functions

Re
na

l S
ur

vi
va

l

1.0

0.8

0.6

0.4

0.2

0.0

0 200

p (Log Rang)=0.027

15010050
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relationship between malnutrition and survival in patients 
with AA amyloidosis due to the severity of amyloidosis and 
additional risk rendered by malnutrition.[15, 16]

In a post-transplantation survival analysis of 21 patients 
who had undergone orthotopic liver transplantation be-
cause of familial amyloidotic polyneuropathy secondary to 
transthyretin mutation, a significant correlation was not de-
tected between pretransplant BMI and mortality, whereas 
statistically significantly lower rates of mortality were re-
ported in patients with higher mBMI.[17] The authors indi-
cated that instead of renal involvement, which is frequently 
seen in cases with AA amyloidosis, cardiac and gastroin-
testinal disorders and peripheral nerve damage had devel-
oped in this study population.[17] The predictive factors of 
survival were examined in patients in the waiting list of car-
diac transplantation because of end-stage heart failure due 
to AL type amyloidosis; a correlation between only lower 
BMI values and lower survival rates was demonstrated.[18] 
In another study where 128 patients with AL amyloidosis 
were examined with respect to the relationship between 
malnutrition and survival, the investigators reported that 
independent from the stage of cardiac involvement and 
hematological response, patients with BMI <22 kg/m2 had 
nearly two times increased rates of mortality.[19] Findings de-
tected in these studies tend to support the argument that 
malnutrition developed in cases of chronic diseases may 
contribute to mortality or at least it may be an important 

predictor of mortality. However, contrary to our study, amy-
loidotic involvement is related mostly to extrarenal organs. 

In our study, a negative correlation was detected between 
mBMI, as a marker of malnutrition, and mortality; although 
a similar patient population has not been analyzed hith-
erto, comparable results have been obtained in studies per-
formed in cases with amyloidosis with different etiologies. 
As a marker of nutritional status, mBKİ has been recognized 
as an important mortality predictor of malnutrition in pa-
tients with CRF associated with AA amyloidosis. Besides, 
contrary to solely serum albumin level or BMI, available 
evidence suggests that mBMI may reflect the nutritional 
status more accurately. Despite its retrospective design, 
first, in this study, the relationship between the group of 
patients with AA amyloidosis and survival was investigated. 

The retrospective design of the study, limited number of 
study patients, and inability to investigate other parameters 
related to nutritional status are the limitations of our study.

Conclusion
AA amyloidosis with renal involvement has higher morbid-
ity and mortality. The correlation between nutritional sta-
tus and prognosis was also observed in patients with CRF 
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associated with AA amyloidosis, as in patients with CRF as-
sociated with other etiologies. However, mBMI, instead of 
BMI, has been considered to be a more helpful parameter 
as a marker of nutritional status in AA amyloidosis associ-
ated with proteinuric renal failure.

Disclosures

Ethics Committee Approval: The study was approved by the Lo-
cal Ethics Committee.

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

References
1. Gillmore JD, Hawkins PN. Pathophysiology and treatment of sys-

temic amyloidosis. Nat Rev Nephrol 2013;9:574–86. [CrossRef ]

2. Sungur CI. Molecular mechanisms of amyloidosis. N Engl J Med 
2003;349:1872–3. [CrossRef ]

3. Ahbap E, Kara E, Sahutoglu T, Basturk T, Koc Y, Sakaci T, et al. Out-
come of 121 patients with renal amyloid a amyloidosis. J Res Med 
Sci 2014;19:644–9.

4. Tonelli M, Wiebe N, Culleton B, House A, Rabbat C, Fok M,  et al. 
Chronic kidney disease and mortality risk: a systematic review. J 
Am Soc Nephrol 2006;17:2034–47. [CrossRef ]

5. Bergstrom J, Lindholm B. Malnutrition, cardiac disease, and mor-
tality: An integrated point of view. Am J Kidney Dis 1998;32:834–
41. [CrossRef ]

6. Navaneethan SD, Schold JD, Arrigain S, Kirwan JP, Nally JV Jr. Body 
mass index and causes of death in chronic kidney disease. Kidney 
Int 2016;89:675–82. [CrossRef ]

7. Livneh A, Langevitz P, Zemer D, Zaks N, Kees S, Lidar T, et al. Cri-
teria for the diagnosis of familial Mediterranean fever. Arthritis 
Rheum 1997;40:1879–85. [CrossRef ]

8. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more 
accurate method to estimate glomerular filtration rate from 
serum creatinine: a new prediction equation. Modification of Diet 
in Renal Disease Study Group. Ann Intern Med 1999;130:461–70.

9. National Kidney Foundation. K/DOQI clinical practice guidelines 
for chronic kidney disease: evaluation, classification, and stratifi-

cation. Am J Kidney Dis 2002;39:S1–266.
10. Berrington de Gonzalez A, Hartge P, Cerhan JR, Flint AJ, Hannan 

L, MacInnis RJ, et al. Body-Mass Index and Mortality among 1.46 
Million White Adults. N Engl J Med 2010;363:2211–9. [CrossRef ]

11. Kalantar-Zadeh K, Rhee CM, Chou J, Ahmadi SF, Park J, Chen JLT, et 
al. The Obesity Paradox in Kidney Disease: How to Reconcile It With 
Obesity Management. Kidney Int Rep 2017;2:271–81. [CrossRef]

12. Hsu C, McCulloch CE, Iribarren C, Darbinian J, Go AS. Body mass 
index and risk for end-stage renal disease. Ann Intern Med 
2006;144:21–8. [CrossRef ]

13. Kovesdy CP, Anderson JE, Kalantar-Zadeh K. Paradoxical Associ-
ation Between Body Mass Index and Mortality in Men With CKD 
Not Yet on Dialysis. Am J Kidney Dis 2007;49:581–91. [CrossRef ]

14. Ricks J, Molnar MZ, Kovesdy CP, Kopple JD, Norris KC, Mehrotra 
R, et al. Racial and Ethnic Differences in the Association of Body 
Mass Index and Survival in Maintenance Hemodialysis Patients. 
Am J Kidney Dis 2011;58:574–82. [CrossRef ]

15. Kalantar-Zadeh K, Kopple JD, Block G, Humphreys MH. A mal-
nutrition-inflammation score is correlated with morbidity and 
mortality in maintenance hemodialysis patients. Am J Kidney Dis 
2001;38:1251–63. [CrossRef ]

16. Kara E, Sahutoglu T, Ahbap E, Sakaci T, Koc Y, Basturk T, et al. The 
predictive value of malnutrition - inflammation score on 1-year 
mortality in Turkish maintenance hemodialysis patients. Clin 
Nephrol 2016;86:94-9. [CrossRef ]

17. Franz C, Hoffmann K, Hinz U, Singer R, Hund E, Gotthardt DN, et 
al. Modified body mass index and time interval between diag-
nosis and operation affect survival after liver transplantation for 
hereditary amyloidosis: a single-center analysis. Clin Transplant 
2013;27:40–8. [CrossRef ]

18. Gilstrap LG, Niehaus E, Malhotra R, Ton VK, Watts J, Seldin DC, et 
al. Predictors of survival to orthotopic heart transplant in patients 
with light chain amyloidosis. J Hear Lung Transplant 2014;33:149–
56. [CrossRef ]

19. Caccialanza R, Palladini G, Klersy C, Cereda E, Bonardi C, Cameletti 
B, et al. Malnutrition at Diagnosis Predicts Mortality in Patients 
With Systemic Immunoglobulin Light-Chain Amyloidosis Inde-
pendently of Cardiac Stage and Response to Treatment. J Par-
enter Enter Nutr 2014;38:891–4. [CrossRef ]

https://doi.org/10.1038/nrneph.2013.171
https://doi.org/10.1056/NEJM200311063491920
https://doi.org/10.1681/ASN.2005101085
https://doi.org/10.1016/S0272-6386(98)70148-9
https://doi.org/10.1016/j.kint.2015.12.002
https://doi.org/10.1002/art.1780401023
https://doi.org/10.7326/0003-4819-130-6-199903160-00002
https://doi.org/10.1056/NEJMoa1000367
https://doi.org/10.1016/j.ekir.2017.01.009
https://doi.org/10.7326/0003-4819-144-9-200605020-00022
https://doi.org/10.1053/j.ajkd.2007.02.277
https://doi.org/10.1053/j.ajkd.2011.03.023
https://doi.org/10.1053/ajkd.2001.29222
https://doi.org/10.5414/CN108799
https://doi.org/10.1111/ctr.12193
https://doi.org/10.1016/j.healun.2013.09.004
https://doi.org/10.1177/0148607113501328

