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Serum ferritin and survival of renal transplant 
recipients: a prospective 10-year cohort study 

Abstract Increased serum ferritin is 
frequent in renal transplant recipi- 
ents. This reflects iron overload due 
to blood transfusions given to treat 
renal anaemia. Previous studies 
suggested excess mortality in non- 
renal transplant recipients with iron 
overload. We hypothesized that ser- 
um ferritin levels above 1,100 ng/ml 
may be associated with increased 
long-term mortality in renal trans- 
plant recipients. Twenty consecutive 
renal transplant recipients with high 
levels of serum ferritin and 20 renal 
transplant recipients with normal 
serum ferritin levels, matched for age 
and gender, were prospectively 
studied for 10 years. Nine patients 
(45%) with increased serum ferritin 
died during follow-up, compared to 
four controls (20%). Univariate and 
multivariate analysis identified mul- 
tiple blood transfusions ( > 40 units) 
prior to transplantation as being 
associated with higher mortality in 

renal transplant recipients (risk ratio 
(RR): 3.1, confidence interval (CI): 
1.1-9.2; P = 0.03). These data sug- 
gest that serum ferritin levels above 
1,100 ng/ml due to multiple blood 
transfusions causing iron overload is 
a relevant factor that increases 
mortality. 

Introduction 

Elevated levels of serum ferritin are frequently found 
in renal transplant recipients [15] and may be due 
to hepatocellular disease, infection, inflammation or 
malignancies [9, 21, 321. Renal transplant recipients with 
excessively high serum ferritin levels generally received 
large numbers of blood transfusions for treatment of 
renal anaemia before recombinant human erythropoie- 
tin became available [151. In these patients excessively 

elevated serum ferritin levels predominantly reflected 
iron overload [l 1, 26, 331, and a serum ferritin level 
above 1,100 ng/ml has high sensitivity and positive 
predictive value for indicating iron overload [33, 351. 
Previous studies suggested excess mortality in non-renal 
transplant patients with iron overload [2, 5, 221. How- 
ever, it has been questioned whether high serum ferritin 
levels are a risk factor for increased mortality [7, 13, 371. 
Consequently, we aimed to determine whether serum 
ferritin levels above 1,100 ng/ml are associated with 
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excess mortality of renal transplant recipients during 
long-term follow-up. 

Patients and methods 

In 1990 we prospectively identified 20 renal transplant recipients 
with serum ferritin levels above 1,100 ng/ml and 20 age-matched 
and gender-matched renal transplant recipients with normal serum 
ferritin levels as controls [15]. According to previous reports, [33, 
351 iron overload is to be assumed when the serum ferritin level 
measured 6 weeks after successful transplantation is above 
1,100 ng/ml. The reference range for serum ferritin was 60-220 ng/ 
ml for men and 40-180 ng/ml for women. The study was performed 
in accordance with the ethical standards of the Declaration of 
Helsinki, and informed consent was obtained from all patients 
prior to their being enrolled. We reviewed the medical records at 
the beginning of the study (referred to as “baseline”) and after 10 
years, or at the last visit preceding death (referred to as “end of 
follow-up”) to record underlying renal disease, human leukocyte 
antigen (HLA) A3 [14], time from its diagnosis to transplantation, 
number of blood units used prior to transplantation, diabetes 
mellitus, cirrhosis, infection, inflammation, malignancy or vascular 
disease, desferrioxamine treatment or iron supplementation, and 
date and cause of death when appropriate. Cirrhosis was diagnosed 
by clinical examination, biochemistry, ultrasound and CT studies. 
Vascular disease was defined as the presence of cardio-vascular, 
cerebro-vascular and/or peripheral vascular disease. The Khan 
score, assessing co-morbidity in chronic dialysis patients, was de- 
rived from data directly preceding renal transplantation [17]. In 
addition, the following laboratory data were recorded at  baseline 
and at the end of the follow-up: aminotransferases, bilirubin, 
C-reactive protein, cyclosporin-A dose and trough levels, haemo- 
globin, hepatitis B and hepatitis C serology, prothrombin time, 
serum creatinine, and ferritin. Impaired liver function was defined 
as an elevation of aminotransferases or serum bilirubin to levels 
higher than twice the upper reference value, or a decrease of pro- 
thrombin time below the lower reference value. 

Statistical analyses 

We used the Wilcoxon test or Fisher’s exact test for comparison of 
categorical data to compare subjects with high or normal levels of 
serum ferritin. The primary endpoint was the survival rate after 10 
years of follow-up. Potentially relevant risk factors for the primary 
endpoint were coded as present or absent and assessed by univar- 
iate analysis with Fisher’s exact test. Non-parametric tests were 
used for continuous variables. A two-tailed P value under 0.05 was 
considered to be statistically significant. All variables with a 
P < 0.20 in the univariate analyses were included in a stepwise lo- 
gistic regression analysis. The risk associated with high serum fer- 
ritin levels, when other significant risk factors had been adjusted 
for, was calculated according to the Mantel-Haenszel method [24]. 
Data are reported as mean values f SD with ranges given in 
parentheses, relative risk or 95% confidence intervals (CI) when 
appropriate. Analyses were performed with Statistical Analysis 
Systems (SAS), version 6.1 1 (SAS Institute, Cary, N.C., USA). 

The baseline characteristics of the 20 renal transplant 
recipients with high levels of serum ferritin and those of 
the 20 control subjects are presented in Table 1. Patients 
with increased serum ferritin levels received significantly 

Table 1 Baseline characteristics of patients with high levels and 
normal levels of serum ferritin 

Characteristic High serum Normal serum P 
ferritin level ferritin level 

Female/male (n) 
Age above 45 years 
Underlying 
renal disease (n) 
Glomerulonephritis 
Interstitial nephritis 
Chronic pyelonephritis 
Other/undetermined 

HLA-A3 positive” (n) 
Renal disease 
for more than 
10 years 

Khan score 
Low risk (n) 
Medium risk (n) 

Vascular disease (n) 
Diabetes mellitus (n) 
Blood transfusions 

> 40 units (n) 
First/second renal 
transplantation (n) 

6/14 
4 

11 

3 
6 
5 
16 

- 

9 
11 
4 
2 
10 

15/5 

6/14 
6 

8 
2 
4 
6 
4 
11 

10 
10 
4 
1 
0 

17/3 

n.s. 

ns .  
n.s. 

n.s. 

n.s. 
n.s. 

< 0.001 

n.s. 

aAll positive patients were heterozygous with regard to HLA-A3 

more units of blood prior to renal transplantation than 
controls (53 f 14 vs 4 f 1 units; P < 0.001). Patients with 
high serum ferritin levels and controls did not differ in 
terms of underlying renal disease, diabetes mellitus, 
heterozygous HLA-A3, renal disease for longer than 10 
years, and re-transplantation (Table 1). Renal allograft 
function at baseline and after 10 years was moderately 
impaired in patients with and without increased serum 
ferritin and did not differ substantially between either 
group. No anaemia was found in either group at baseline 
or after 10 years, as demonstrated by normal haemo- 
globin values (Table 2). At baseline, patients with high 
and normal serum ferritin levels did not significantly 
differ with regard to co-morbidity (Table 1). An equal 
number of patients in both groups had vascular disease. 
General co-morbidity as assessed by the Khan score was 
the same in both groups. No cirrhosis, severe infections, 
inflammation, or malignancies were detected at baseline. 

After 10 years of follow-up, serum ferritin levels were 
still markedly elevated in patients with initially high 
values (Table 2). Although we noted a significant de- 
crease of serum ferritin in this group, 12 patients with 
high serum ferritin at baseline maintained serum ferritin 
levels above 1,100 ng/ml. In control patients, serum 
ferritin levels were moderately higher at the end of the 
follow-up than at baseline, but remained within the 
reference range and well below 1,100 ng/ml (Table 2). 
No patient had received treatment with desferrioxamine 
or iron supplementation after renal transplantation. At 
the end of the follow-up, vascular disease was diagnosed 
in seven patients with high levels of serum ferritin and in 
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Table 2 Serum ferritin, liver function tests, viral-hepatitis marker and other laboratory parameters at baseline and at the end of the 
follow-up (ALT alanine transferase, AST aspartate transferase) 

Parameter High serum ferritin level Normal serum ferritin level 

Baseline End of follow-upa Baseline End of follow-upa 

Serum ferritin (ng/ml) 
ALT (U/l) 
AST (U/1) 
Total serum bilirubin (pmol/l) 
Prothrombin time (%) 
Serum creatinine (pmol/l) 
Haemoglobin (g/dl) 
C-reactive protein > 10 mg/l (n) 
HbsAg (positive/tested) 
Anti-HCV (positive/tested)b 
HCV-PCR (positive/tested)b 

2.788 1 280d 

15*2' 24 * 7'." 
9 1 2  12* 1 
8 7 1 6  92 k 4' 
214 & 97 221 1 4 4  
13.510.5 12.7*0.4 
6/20 
5/20 
8/17 

1.528 1 34ld>" 
23 f4' 35 1 10d-e 

318 

88 f 25 186173 
1 5 1 6  1 1 1 2  
1 3 f 5  9* 1 
1 2 1 2  1 0 1 2  
9 5 1 2  101 1 2  
256 * 71 
13.4 1 0.5 13.510.5 
3/20 
1/20 
4/17 
314 

177 * 35 

aLast value measured during the follow-up 
bHepatitis C serology results were not from baseline records but 
were taken from initial measurement in the records, as they were 
not available in 1990 
'P<0.05 for patients with high ferritin vs patients with normal 
ferritin 

six control patients. Cirrhosis was found in one patient 
with high serum ferritin. No severe infections, inflam- 
mation, or malignancies were recorded at the end of the 
follow-up period for surviving patients with and without 
high serum ferritin levels. 

C-reactive protein was only mildly elevated at 
baseline and did not significantly differ between pa- 
tients with and without high serum ferritin (8 f 4  vs 
6*3 mg/l), C-reactive protein at baseline of all 40 
patients studied was grouped in quartiles. Three pa- 
tients in the quartile with the highest, and two patients 
in the quartile with the lowest, C-reactive protein val- 
ues, died. Of the second and third quartile, four pa- 
tients each died. Patients with high ferritin levels had 
significantly higher serum aminotransferases levels at 
baseline and at the end of the follow-up, than patients 
with normal serum ferritin (P < 0.05) (Table 2). How- 
ever, we noted only moderate elevations of amin- 
otransferases in patients with high ferritin. Serum 
bilirubin was normal and did not differ between both 
groups. Prothrombin time was shorter in patients with 
high ferritin levels than that in controls, but all values 
were within the reference range. More patients with 
high serum ferritin levels had impaired liver function 
(six vs two; P=0.13). 

As shown in Table 2, hepatitis B surface antigen was 
found in more patients with high serum ferritin than in 
controls. During the 10 years of follow-up, data on 
hepatitis-c (HCV) testing became available and hepa- 
titis-C status was assessed for the majority of patients. 
Although more patients with high serum ferritin levels 
tested positive for hepati tkc antibodies than controls 
did, HCV-polymerase chain reaction confirmed active 
hepatitis C in equal numbers of patients with and 

dP < 0.001 for patients with high ferritin vs patients with normal 
ferritin 
"P < 0.05 at baseline vs at the end of follow-up 

without high serum ferritin. At the end of the follow- 
up, the daily cyclosporin-A dose was significantly lower 
in patients with high serum ferritin levels (199 f 18 vs 
261 f 20 mg/day; P < 0.05), while cyclosporin-A trough 
levels were similar for both groups (170 f 16 vs 
164f 10 ng/ml; P=0.60). 

Overall, 27 of 40 patients (68%; CI: 51-81%) were 
alive after 10 years of follow-up. In nine patients (45%; 
CI: 23-69%), substantially more with increased serum 
ferritin died during the follow-up, compared to four with 
normal serum ferritin levels (20%; CI: 6-44%; P=O.18). 
Patients with high serum ferritin levels died from is- 
chaemic heart disease (n  = 3), malignancy (n = 2: hepa- 
tocellular carcinoma and colon cancer), severe infections 
(n = 2: endocarditis and urosepsis), cardiac and hepatic 
failure (n  = 1 each). The patient with hepatocellular 
carcinoma suffered from chronic hepatitis B, the patient 
with hepatic failure from chronic hepatitis C. Patients 
with normal serum ferritin levels died from severe 
infections (n = 2: sepsis and meningitis), ischaemic heart 
disease (n = l), and malignancy (n = 1: colon cancer). 
The survival of renal transplant recipients with serum 
ferritin levels above 1,100 ng/ml and patients with nor- 
mal serum ferritin at baseline is illustrated in Fig. 1. 
Serum ferritin levels were significantly higher in patients 
who did not survive (1,967 k 493 ng/ml) than in patients 
who survived the 10-year follow-up (1,284 f 297 ng/ml, 
P < 0.01). Univariate analysis showed a statistically sig- 
nificant association between transfusion of more than 40 
units of blood prior to transplantation and mortality 
(Table 3). Multivariate analysis revealed polytransfu- 
sion above 40 units to be the only independent predictor 
of death during the 10-year follow-up (RR: 3.1, CI: 1.1- 
9.2; P= 0.03). 



645 

................................ 

8 80 - 
.’ 70 - 
- 
$ 
v) 

. 
T 
0 1 2  3 4 5 6 7 8 9 10 

Years of follow-up 

Fig. 1 Survival rates of renal transplant recipients with serum 
ferritin levels above 1,100 ng/ml and with serum ferritin within the 
normal range 

Discussion 

This is the first prospective long-term study assessing 
excessively high serum ferritin levels as a prognostic 
factor of mortality in renal transplant recipients. The 
main finding is that the mortality rate of renal transplant 
recipients with serum ferritin levels above 1,100 ng/ml is 
higher than that of renal transplant recipients with 
normal levels of serum ferritin, during the follow-up of 
10 years, although the difference just failed to reach 
statistical significance. However, we identified the 
transfusion of more than 40 units of blood prior to 
transplantation as being an independent factor associ- 
ated with a higher mortality in renal transplant recipi- 
ents. This is consistent with previous studies, which 
suggested that iron overload is associated with increased 
mortality in renal transplant recipients and in other 
patients [2, 5, 22, 331. 

Previously, a strong correlation between excessively 
high serum ferritin levels and iron overload was dem- 
onstrated [35]. This association was also found in the 
present study, further supporting the assumption that 
iron overload itself was the key factor for the high 
mortality in patients with high serum ferritin levels. 
Furthermore, iron overload in our patients was due to 
excessively administered iron rather than hereditary 

Table 3 Univariate analysis of 
risk factors for death in renal 
transplant recipients during the 
10 years of follow-up (RR and 
95% CI) 

aDefined as elevation of amin- 
otransferases or serum bilirubin 
>twice the upper reference va- 
lue or decrease of prothrombin 
time < lower reference value 

haemochromatosis, hence we could not find an associ- 
ation with HLA-A3 [14]. 

Patients with excessively high serum ferritin levels 
died from various causes, due to the widespread organ 
dysfunction caused by iron overload [27, 351. Indeed, 
iron overload has been associated with an increased risk 
of severe infection [3, 12, 29, 36, 401, cardiovascular 
disease [34, 391, and malignancy [19, 23, 421. The in- 
creased susceptibility to infection, and the increased 
proliferation of malignant cells in iron overload may be 
due to depressed phagocytic function of neutrophils and 
to impaired cell-mediated immunity [30, 42, 431. The 
higher incidence of cardiovascular disease may be ex- 
plained by enhanced atherosclerotic plaque formation 
during iron overload [l ,  441. The association of iron 
overload with infection, cardiovascular disease and 
malignancy could well contribute to the excess mortality 
and various causes of death in our patients with highly 
elevated serum ferritin. However, other studies reached 
conflicting results regarding the association of iron 
overload with cardiovascular disease, infection and 
malignancy [7, 13, 371. In contrast to our cohort, these 
studies investigated patients with only moderately ele- 
vated serum ferritin levels, far below 1,100 ng/ml. Thus, 
severe iron overload may not be the predominant cause 
of ferritin elevation in these studies. Iron overload, as 
reflected by excessively elevated serum ferritin, is pre- 
dominantly due to multiple blood transfusions. Addi- 
tionally, blood transfusions exert an immunosuppressive 
effect [6, 201. In patients awaiting renal transplantation, 
blood transfusions induced a long-lasting suppression of 
cell-mediated immunity [6, 411. This may impair host 
resistance to infection and immune control of malignant 
cells, and may therefore be a factor causing increased 
mortality due to infection and malignancy in patients 
receiving multiple blood transfusion. 

The present case-control study is based on 20 cases 
with high levels of serum ferritin and 20 controls with 
normal levels. This small sample size emphasizes the 
relevance of our findings, though independent confir- 
mation is required. In addition, there are a number of 
factors independent of the iron overload that may 
influence the serum ferritin level [9, 21, 321. Nevertheless, 
we did not find an increased rate of severe infections, 
inflammation, malignancies, vascular disease. or other 

~ ~~ 

Risk factors RR CI P 

Serum ferritin > 1,100 ng/ml 1.7 0.9-3.2 0.08 
Age >45 years 2.1 0.7-6.0 0.17 
Blood transfusions > 40 units 3.1 1.1-8.9 0.04 
Renal disease for more than 10 years 1.1 0.7-1.8 0.49 
C-reactive protein > 10 mg/l 1.6 0.5-5.3 0.31 
HbS-Ag positivity 1 .o 0.2-5.1 0.65 
Diabetes mellitus 1.2 0.6-2.3 0.39 
Impaired liver function at baseline” 1.6 0.4-6.1 0.41 
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co-morbidity as additional causes of ferritin elevations. 
In addition, C-reactive protein, used to adjust to severe 
infections and inflammation, was only moderately ele- 
vated in patients with excessively high serum ferritin, 
and similar to patients with normal serum ferritin levels. 
Furthermore, higher C-reactive protein values were not 
associated with increased mortality. However, the higher 
prevalence of chronic hepatitis-B antibodies and hepa- 
titis-C antibodies in patients with elevated serum ferritin 
may explain the occurrence of more hepatocellular dis- 
eases and higher overall mortality rate in this cohort. 
Furthermore, moderately elevated aminotransferases 
and smaller dosage requirement of the hepatic metabo- 
lized cyclosporin A in patients with high serum ferritin 
levels suggest mild hepatocellular injury. However, only 
fulminant hepatocellular injury is associated with in- 
creases in serum ferritin of the magnitude determined in 
our patients [32]. Additionally, PCR data show equal 
numbers of patients with replicating hepatitis C in both 
groups, although limitations in the sensitivity of HCV 
antibody testing may have affected our results. Thus, the 
mild hepatocellular injury observed in our patients is 
unlikely to be the cause of elevated serum ferritin levels 
in our patients. Contrary to a previous study, the asso- 
ciation of elevated aminotransferases and serum ferritin 
seems not to be evidence of an aggravating effect of iron 
overload on hepatitis-C infection, as patients with high 
and normal ferritin levels did not differ in regard to 
replicating hepatitis C [38]. 

Although some studies have shown chronic hepatitis 
B and hepatitis C to be associated with increased mor- 
tality in renal transplant recipients [25, 311, the impact of 
chronic hepatitis B and hepatitis C on the long-term 
survival of renal transplant recipients remains contro- 
versial [4, 8, 16, 181. Later data suggest that it is pre- 
dominantly cirrhosis due to hepatitis B and hepatitis C 

that increases mortality in these patients [8, 181. There 
was no significantly higher incidence of cirrhosis in pa- 
tients with high serum ferritin levels, indicating that 
cirrhosis does not account for the increase in mortality. 
However, a limitation is that cirrhosis was diagnosed 
indirectly, not by histology. 

Therefore, we consider iron overload and not hepa- 
tocellular disease, severe infections, inflammation, 
malignancies, vascular disease or other co-morbidity to 
be the crucial factor for excessive elevation of serum 
ferritin levels in our study. Although serum ferritin 
slightly decreased during our study period, values 
remained far above the normal range, despite adequate 
transplant function. This is of interest, as functioning 
renal transplants provide adequate erythropoietin to 
compensate for renal anaemia. This has been associated 
with normalization of serum ferritin [7,  281. Contrary to 
our study, these patients presented only moderately ele- 
vated serum ferritin levels. This suggests that iron over- 
load was not the predominant cause of serum ferritin, in 
previous studies. As serum ferritin levels remained high 
in our patients, despite rapid improvement of renal 
anaemia, we assume that iron overload persisted. This is 
consistent with studies in chronic haemodialysis patients 
showing persistence of iron overload even when anaemia 
was adequately controlled by erythropoietin [ 101. 

In summary, renal transplant patients with markedly 
elevated serum ferritin levels after transplantation 
demonstrated higher mortality than renal transplant 
recipients with normal serum ferritin levels. As exces- 
sively high serum ferritin levels predominantly reflected 
iron overload, these data indicate that increased mor- 
tality may be attributed to iron overload. 
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