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 Abstract 
  Background:  Diffuse mesangioproliferative glomerulonephritis (MesP) is the most common-
ly diagnosed type of glomerulonephritis (GN) in Denmark, with an incidence of 10.8 million 
per year. In the present study, the 30-year renal survival was estimated.  Methods:  A retrospec-
tive cohort investigation of 140 patients with biopsy-proven MesP was performed between 
the period 1967–2006. Factors influencing renal survival were investigated using Cox regres-
sion analysis.  Results:  Renal survival at 5, 10, 20 and 30 years was 87, 78, 59 and 50%, respec-
tively. Female survival after 30 years was significantly better than male survival (70 vs. 40%,
p = 0.049). Multivariate analysis, adjusted for age, estimated glomerular filtration rate (GFR) and 
nephrotic syndrome (NS) was performed for each sex individually. An increase in GFR was as-
sociated with a hazard risk (HR) of 0.98 (p = 0.02) in women and 0.99 (p = 0.006) in men. Older 
age was associated with a HR of 1.04 (p = 0.02) in women and 1.03 (p = 0.004) in men. NS had 
a poorer prognosis in men (HR 2.53, p = 0.01), but not in women (HR 0.54, p = 0.38).  Conclu-
sion:  Increasing age and decreasing GFR were adversely associated with renal death. Renal 
prognosis was better for women after 30 years, and NS resulted in a poorer prognosis in men. 
This suggests that disease course and prognosis are different between men and women. 
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 Introduction 

 Glomerulonephritis (GN) is the third commonest cause of renal failure in Europe and the 
USA  [1] . The incidence of biopsied GN in Denmark is 39 million per year  [2] . Diffuse mesan-
gioproliferative glomerulonephritis (MesP) is the most commonly diagnosed form of GN in 
Denmark with an incidence of 11 million per year  [2] . MesP has a good prognosis. Previous 
studies, based mainly on light microscopic diagnosis, show a renal survival after 5 and 10 
years of observation varying between 80–96 and 64–83%, respectively  [3–5] , and a 20-year 
survival of 59%  [4] .

  Renal survival is negatively associated with age at baseline  [3, 6] , S-creatinine  [3–6] , low 
S-albumin  [4, 6] , blood pressure (BP)  [3, 6]  and proteinuria  [3–6] . The observation period in 
the above studies was 3–12 years, with follow-up survival analyses for 3–20 years. The obser-
vation period in the present study is more than 40 years. We performed the study to determine 
whether there was any correlation between renal survival and baseline clinical character-
istics (age, sex, S-creatinine, proteinuria, and BP).

  Materials and Methods 

 A retrospective study was performed in all patients with histologically verified MesP at 
the Departments of Nephrology of the Aarhus Municipal Hospital, Aarhus, and Ribe County 
Hospital, Esbjerg, Denmark, between the period 1967–2006. The WHO classification was 
used  [7] . A total of 140 of 633 patients diagnosed with GN were included.

  Immunofluorescence investigation was performed in 100 patients and electron 
microscopy in 72 patients. In March 2011, the outcome (dialysis/transplantation/death) was 
registered from the hospital files and the Danish Nephrology Registry (DNR). The DNR 
includes all patients with renal failure, and is fully comprehensive since January 1, 1990. 
Patients diagnosed with secondary GN, with renal disease as part of a systemic disease (e.g. 
diabetes mellitus, systemic lupus erythematosus and vasculitis) were excluded.

  All biopsies were evaluated by two pathologists (late Prof. S. Olsen and Prof. N. Marcus-
sen). The WHO classification includes 10 types of GN  [7] . The primary evaluation used light 
microscopy. After the introduction of the new classification system in 1982, all biopsies were 
reevaluated in accordance with the new system. The histological technique was as previously 
described  [8] .

  There were no defined biopsy indications, so the patients were evaluated individually. 
Patients with nephrotic syndrome (NS) were routinely offered renal biopsy. The patients 
received symptomatic treatment and treatment of concurrent hypertension, cardiovas-
cular disease, etc. Immunosuppressive therapy in the form of prednisone, azathioprine and 
cyclophosphamide was only rarely used (n = 9). The baseline was defined as the day of 
biopsy. The following baseline data were registered: age, sex, proteinuria, BP and S-creat-
inine. (1) Proteinuria: The patients were divided into two groups: little/no proteinuria and 
NS. NS was defined as suggested by Glassock et al.  [9] : a gradually developing condition 
characterized by severe proteinuria, usually more than 3.5 g/day in adults, accompanied by 
varying degrees of hypoalbuminemia, fluid retention, hypertension and hyperlipidemia. (2) 
BP: The patients were divided into two groups: normal BP ( ≤ 140/90 mm Hg) and raised 
BP (>140/90 mm Hg). All patients receiving antihypertensive therapy were classified as 
hypertensive. (3) S-creatinine: In addition to evaluating S-creatinine as a continuous 
variable, the patients were divided into two groups: normal and raised. In females, a raised 
creatinine was defined as >108 μmol/l and in males as >125 μmol/l. In children aged under 
15 years, a creatinine level above the 97.5th percentile for age plus 20% was defined as 
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raised  [10] . The glomerular filtration rate (GFR) was estimated using the following MDRD 
formula  [11] :

  GFR = 175 × (0.742 if female) × creatinine (in mg/dl) –1.154  × age –0.203 .
  There were no Afro-Americans in this population. Renal death was defined as the first 

occurrence of either maintenance dialysis, renal transplantation or death. No differentiation 
was made between death due to renal disease and death due to other causes . 

  Permission was obtained from the Danish Data Protection Agency (j. No. 2010-41-5547), 
the National Health Ministry (j. No. 7-604-04-2/231) and the DNR.

  Statistical Analysis 
 Categorical variables were analyzed using the χ 2  test. Normally distributed continuous 

variables were presented as mean ± standard deviation (SD), and compared using the 
unpaired Student t test. Nonnormally distributed continuous variables were presented as 
median and interquartile ranges (IQR), and evaluated using the Mann-Whitney test. The rela-
tionship between baseline characteristics and renal survival was studied using the Kaplan-
Meier survival analysis. Differences in survival were evaluated using the log-rank test. The 
presupposition of proportional survival was checked by comparing the observed Kaplan-
Meier survival curves with the predicted curves for the same variable. In case of nonpropor-
tional survival curves, an interaction test was carried out to evaluate homogeneity. Stratified 
multivariate analysis was only carried out if no significant differences in hazard risk (HR) 
were shown. The prognostic factors which were found to be significantly associated with 
renal survival were included in the multivariate Cox regression analyses. Probability values 
<0.05 were regarded as significant. Follow-up was censored at maximum 30 years. Statistical 
analysis was performed using Stata, version 11.0 (StataCorp, College Station, Tex., USA).

  Results 

 The baseline clinical characteristics at the time of biopsy are listed in  table 1  .  The 
male:female ratio was 1.7:   1 and the mean age was 34 years. A total of 47% of the patients 
were younger than 30 years. NS was found in 19%, while 30% suffered from hypertension. 
The median S-creatinine level was 95 μmol/l and was raised in 26%. The S-creatinine level 
was significantly lower in women compared to men [81 μmol/l (IQR 62–111) vs. 98 μmol/l 
(IQR 81–122), p = 0.02]. There was no difference in the incidence of raised creatinine (p = 
0.83) or GFR (p = 0.72) .  There were no significant gender differences regarding age, BP or 
proteinuria at biopsy.

  Renal Survival 
 The mean follow-up time from renal biopsy to event or lost-to-follow-up was 18 ± 11 

years [range 0.01–43.3, median 16.1 years (IQR 10.3–24.3)].
  Survival after 5, 10, 20 and 30 years was 87% (95% CI 80–92), 78% (95% CI 71–84), 59% 

(95% CI 49–67), and 50% (95% CI 40–59), respectively ( table 2 ). After 5 years, there was a 
nonsignificantly better survival in men (91 vs. 81%, p = 0.08). The 10-year survival was 
similar (p = 0.89). Thereafter, women had a better prognosis, becoming significant at 30 years 
(p = 0.049). Survival curves were nonproportional for males and females ( fig. 1 ). The following 
variables were significantly associated with survival in univariate analysis and were included 
in the multivariate Cox regression analysis for age, GFR and proteinuria.

  The hazard ratio was estimated separately for males and females due to the nonpropor-
tionality of survival. In both sexes, risk of renal death was significantly associated with age 
and GFR. NS was borderline significantly associated with increased risk in both sexes on a 
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univariate analysis. However, using multivariate analysis, the HR in men was higher and 
significant than in the univariate analysis (HR 2.53 vs. 1.95, p = 0.01 vs. p = 0.06), while in 
women, the opposite was true (HR 0.54 vs. 2.85, p = 0.38 vs. p = 0.05) ( table 3 ). An interaction 
test to evaluate intergender homogeneity showed no significant difference in HR in patients 
with a raised GFR and a borderline difference in patients with NS when adjusted for other 
variables (see Appendix table 1).

  Discussion 

 In this study, the survival rates after 5, 10, 20 and 30 years of 87, 78, 59 and 50%, respec-
tively, are not entirely comparable with previous studies in which varying definitions of baseline, 
end point and population were used. However, the results do not differ substantially ( fig. 2 ).

 Table 1.  Baseline clinical characteristics

Characteristic All Male Female p valuea

Gender, n (% of males) 140 (63) 88 52
Mean age ± SD, years (range) 34 ± 18 (5 – 80) 35 ± 18 (5 – 71) 33 ± 18 (10 – 80) 0.56b

<30 years, n (%) 66 (47) 37 (42) 29 (56) 0.12d

Median S-creatinine, μmol/l (IQR)
S-creatinine

Normal
Increased
Missing
Mean GFR ± SD (range)

95 (72–121)

103 (74)
36 (26)

1
80 ± 42 (4 – 199)

98 (81–122)

65 (75)
22  (25)

1
81 ± 41 (4 – 199)

81 (62–111)

38 (73)
14 (27)

78 ± 43 (8 – 138)

0.02c

0.83d

0.72b

Proteinuria
Little/no proteinuria
Nephrotic syndrome
Missing

112 (81)
27 (19)

1

72 (83)
15 (17)

1

40 (77)
12 (23)

0.40d

Blood pressure
BP ≤140/90 mm Hg
BP >140/90 mm Hg
Missing

98 (71)
41 (30)

1 

65 (75)
22 (25)

1 

33 (64)
19 (36)

0.16d

Immunofluorescence
IgA positive
IgA negative

100
46 (46)
54 (54)

67
37 (55)
30 (45)

33
9 (27)

24 (73)

0.01d

 Values are n (%), except where indicated otherwise. a Difference between genders; b unpaired t test; 
c Mann-Whitney test; d χ2.

Time  Renal survival, % (95% CI)

a ll male female

5 years 87 (80–92) 91 (83–95) 81 (67–89)
10 years 78 (71–84) 78 (68–86) 79 (65–88)
20 years 59 (49–67) 53 (41–64) 70 (54–82)
30 years 50 (40–59) 40 (28–51) 70 (54–82)*

* Difference between genders <0.05.

 Table 2. Renal survival after 5, 
10, 20 and 30 years
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  Three independent risk factors were found: age, low GFR and NS. This confirms the 
previous findings  [3–6] . We also found nonproportional survival curves for males and females, 
with identical survival after 10 years, but significant better survival for females after 30 years. 
Heaf et al.  [2]  and Bohle et al.  [3]  found better 10-year survival in females. The finding was 
insignificant even if secondary GN cases were included in Heaf et al.’s and in Bohle et al.’s 
studies. The mean observation period in the present study was 18 years, which enabled the 
calculation of the 30-year survival. This has not previously been done. The national identity 
number and DNR permit an exact determination of end points, and data loss after 30 years 
was rare. GFR at baseline was a powerful prognostic factor for poor survival in both sexes. 
Many studies of patients with MesP have reported the same finding  [3, 4, 6] .

  Using a multivariate analysis, NS was a significant risk factor for renal death in males 
but not females. This analysis has not previously been performed. Bohle et al.  [3]  found a 
worse survival in patients with proteinuria >1 g. Two other studies have also shown a rela-
tionship between proteinuria size and prognosis on univariate but not on multivariate 
analyses  [5, 6] . Proteinuria quantification varied during the period of investigation. Initially 
urine protein was used, but over time, urine albumin was increasingly used. Therefore, the 
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  Fig. 1.  Kaplan-Meier survival plot illustrating the effect of gender on renal survival. 

 Table 3.  Multivariate Cox regression analysis

 HR (95% CI)

ma le female combined p value

Age 1.03 (1.01–1.05)* 1.04 (1.01–1.08)* 1.03 (1.01–1.05) <0.001
GFR 0.99 (0.98–0.99)* 0.98 (0 .95–0.99)* 0.98 (0.98–0.99) 0.001
Little/no proteinuria vs. NS 2.53 (1.24–5.15)* 0.54 (0.14–2.12) 1.88 (0.99–3.55) 0.05

 * p < 0.05.
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broad NS definition of Glassock et al.  [9]  without the use of biochemical analyses was used 
in this study. One of the paper’s strengths is that all biopsies were evaluated by only two 
experienced pathologists. Furthermore, all biopsies were reevaluated using the WHO clas-
sification after its publication. MesP is frequently IgA positive. In Bohle et al.’s  [3]  paper, 239 
of 323 (74%) were IgA positive. IgA had no effect on prognosis. Since immunofluorescence 
was only performed in 100 of 140 patients in this study, this was not included as a prognostic 
factor.

  One limitation of this paper is that the same definition of hypertension has been used 
throughout the study period. During the study period, ACE inhibitors have been introduced 
for several indications: hypertension, heart failure and proteinuria reduction. Therefore, 
some patients will have been erroneously classified as hypertonic. The indications for renal 
biopsy have also probably changed during the study period so that more elderly patients with 
comorbidities have been biopsied. In 2009, Hanko et al.  [12]  showed that renal biopsy rates 
in a British region rose from 2 to 7 per 100,000/year between 1976 and 2005, and the average 
age rose from 33 to 49 years. In the present study, the average age increased from 31.8 to 37.1 
years from the first to the second half of the study period.

  In Bohle et al.’s  [3]  study, outcome is defined as patients who died of their kidney disease 
or developed terminal uremia. Our data do not permit this definition. Patients who, for 
instance, die of cardiac arrest due to hyperkalemia secondary to renal insufficiency or stroke 
due to hypertension cannot easily be classified. Therefore, we have chosen to use the combined 
primary end point death or renal failure. Our main finding was a significant difference in the 
survival pattern between men and women. Women had a better 30-year survival, and the 
detrimental effect of NS was greater in men than women (where it was nonsignificant). These 
findings suggest that the disease course and renal prognosis are different between men and 
women.
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Vikse et al. [6], n = 273, 1a, 2a, 3a 

Bohle et al. [3], n = 455, 1b, 2a, 3a 

Heaf et al. [2], n = 622, 1c, 2c, 3a 

Koyama et al. [4], n = 311, 1b, 2b, 3b 

O'Donoghue et al. [5], n = 54, 1b, 2d, 3a

Axelsen et al. (this study), n = 140, 1c, 2a, 3a 

  Fig. 2.  Survival estimates of MesP GN patients showing the results of six studies. End point: 1a = Dialysis/
transplantation; 1b = dialysis/transplantation/renal related death; 1c = dialysis/transplantation/death. 
Study population: 2a = Primary MesP GN; 2b = MesP with IgA deposits; 2c = primary and secondary MesP; 
2d = MesP with IgM deposits. Baseline: 3a = Time of renal biopsy; 3b = time of symptoms onset. 
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Female, HR (95% CI) p value Interactiona, HR (95% CI) p value

Age  1.04 (1.01–1.08) 0.02 0.99 (0.95–1.03) 0.61
GFR 0.98 (0.95–0.99) 0.02 1.01 (0.99–1.04) 0.32
Little/no proteinuria vs. NS 0.54 (0.14–2.12) 0.38 4.64 (1.00–21.52) 0.05

 a Difference between genders (male HR divided by female HR).
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