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Abstract: Background: The purpose of the current study was to investigate the pathological characteristics of chron-
ic kidney diseases in the Tibet plateau and the plain. Methods: 77 cases from the Tibet plateau and 154 cases from 
the plain of renal biopsied patients with chronic kidney diseases were compared in a randomized, and parallel con-
trolled manner. Pathological characteristics were defined according to the standards of WHO and associated clas-
sifications. Results: The ration of sex was shown that most of patients in the plateau region were female, whereas 
those in the plain were male. The characteristics of pathological types were shown that the patients in the plateau 
region were primarily minimal change disease, but IgA nephropathy was rare; meanwhile, the proportional lupus 
nephritis (LN) ratio of the secondary glomerulonephritis in the plateau region was significantly lower than those in 
the plain region. Conclusions: The current data demonstrated that the most common kidney disease in the Tibet 
Plateau region is still the primary glomerulonephritis as the same as those in the plain region. However, the primary 
glomerular disease in the plateau region is minimal change disease, and the most common clinical manifestations 
are the nephrotic syndrome. The IgA nephropathy in the plain is the most frequent disease. In terms of the second-
ary renal diseases, Henoch-Schnolein purpura nephritis are dominated in the plateau region, whereas LN-based 
diseases are frequently found in the plain. There is a statistical significance existed between those two groups.
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Introduction

Renal biopsy (RB) is one of the most important 
examine parameter in clinical nephrology, 
because it not only provides a key protocol to 
explore the underlying mechanism of renal 
parenchymal diseases, to justify the therapeu-
tic efficacy and to evaluate the outcome of 
recovery and the potential adverse effects, but 
also provides an objective basis for the vast 
majority of renal parenchymal diseases in diag-
nosis, prognosis and guidance of therapeutic 
regimens according to the standards of WHO 
and based on the histological glomerular dis-
eases classification protocols [1, 2]. Moreover, 
RB greatly extends its applications in diagnosis 
or differentiating a variety of secondary glomer-
ular diseases, metabolic diseases, congenital 
diseases, tubular-interstitial renal diseases, as 

well as some vascular diseases. The purport of 
RB was laid in rendering an insight into the early 
clinical manifestations of kidney disease and 
clinical laboratory results, but also providing 
instructions for treatment [3-6].

The Tibet Military General Hospital was the ear-
liest built comprehensive hospital (Ranked 
Three) in the plateau (average altitude 3700 m), 
which was first developing the diagnosis of 
renal biopsy in the plateau hospital. Thus, it has 
been collecting a great number of cases. Due to 
the high altitude with low atmospheric pressure 
and deficient oxygen pressure, plus dry climate, 
strong ultraviolet radiation and other unique 
environmental characteristics, the people living 
at the high altitude inevitably produce a unique 
pathophysiological phenomenon. Effects of the 
high altitude on the kidneys, which can cause 
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the plateau proteinuria, the hypertension and 
the high altitude plateau heart disease, the 
high altitude polycythemia, eventually may lead 
to hematuria and tubular urine. One of hematu-
ria reasons is ascribed to the abnormalities of 
plateau clotting [7]. However, a large retrospec-
tive epidemic study on renal biopsy data of 
chronic kidney disease in the plateau leaves 
blank. The focus of the present study was 
placed on comparison and summary of renal 
pathological characteristics between the pla-
teau and the plain through renal biopsy, which  
unravelled the epidemiological characteristics 
of plateau kidney diseases, particularly in path-
ological characterization.

Materials and methods

Case sources

Plateau group: seventy-seven patients (Han, 
Tibetans) via institutional review board (RB,  
No. 367 from plateau region were collected 
between June 2011 and June 2013, while they 

were hospitalized by the Tibet Military General 
Hospital.

Plain group: one hundred fifty four patients 
(Chinese Han) were randomly selected from the 
same period 9142 cases, while they were hos-
pitalized in the Nanjing Military General 
Hospital, the Research Institute of Nephrology.

All of the above patients were collected with 
complete clinical records and pathological 
data.

RB protocol

The method was employed according to the lit-
erature description [8]. The current protocol 
had been approved by IRB/Ethics Committee. 
Briefly, the patient was placed in a prone pos-
ture, mattressed with a small pillow under the 
abdominal side. Thus, the routine procedure for 
the skin disinfection was deployed, following by 
covered with a disinfected towel with a hole in 
the center. The accurate puncture site was 

Table 1. Comparison of general conditions between two groups of patients before renal live biopsy
Plateau group Plain group P

Age (Y) 29.7 ± 12.9 37.19 ± 14.58 < 0.01
Time of residency in plateau (Y) 29.7 ± 12.9 0 < 0.01
Ratio of male:female 27:50 80:74 < 0.01
Serum creatinine (mg/dl) 1.1 ± 1.5 1.3 ± 1.3 > 0.05
BUN (mmol/L) 21.5 ± 19.2 18.9 ± 12.3 > 0.05
Total protein (g/L) 46.6 ± 12.4 60.2 ± 12.0 < 0.01
Albumin (g/L) 25.1 ± 8.4 36.4 ± 8.8 < 0.01
Total cholesterol (mmol/L) 8.7 ± 3.5 7.0 ± 3.5 < 0.01
Triglycerides (mmol/L) 1.9 ± 1.1 2.4 ± 1.9 < 0.05
Hemoglobin (g/L) 14.1 ± 2.6 12.9 ± 2.1 < 0.01
Hematocrit (%) 43.4 ± 8.4 38.0 ± 6.4 < 0.01
Platelets (104/mm3) 23.9 ± 9.2 23.5 ± 7.3 > 0.05
Urinary protein (g/d) 5.5 ± 3.9 2.5 ± 2.5 < 0.01
Urine RBC count (104/ml) 111.0 ± 129.9 240.5 ± 621.2 < 0.05
Urine volume (ml/d) 1984.9 ± 1034.3 1545.7 ± 609.8 < 0.01
Systolic blood pressure (mmHg) 118.6 ± 23.7 127.6 ± 16.3 < 0.01
Diastolic blood pressure (mmHg) 78.9 ± 19.3 80.3 ± 10.5 > 0.05
No. of renal dysfunction patients 11 cases (14.3%) 34 cases (22.1%) > 0.05
No. of acute kidney injury 8 cases 22 cases > 0.05
No. of chronic renal dysfunction patients 3 cases 12 cases > 0.05
No. of anemia patients 10 cases (12.9%) 40 (25.9%) < 0.05
No. of gross hematuria (≥ 1 time) 3 cases (4.3%) 13 cases (8.4%) > 0.05
No. of hypertension patients 16 cases (20.8%) 32 cases (20.8%) > 0.05
MN: Membranous nephropathy; IgAN: IgA nephropathy; FSGS: Focal segmental glomerulosclerosis; MPGN: Membrane prolif-
erative glomerulonephritis; MsPGN: Mesangial proliferative lesion; EnPGN: Endocapillary proliferative glomerulonephropathy; 
SCGN: sclerotic glomerulonephritis; HSPN: Henoch-Schonlein purpura glomerulonephritis; HTN: Hypertension nephropathy.
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located and marked under B ultrasound, and 
then was local anesthetized with 0.1% lido-
caine. A renal biopsy gun needle was taken and 
percutaneously penetrated under the guidance 
of B ultrasound, and a piece of renal tissue was 
automatic biopsy gun with a crooked needle.

Histo-pathological examination

All specimens from patients were sent to the 
Department of Pathology, the Second Military 

urine protein < 3.5 g/day, normal serum albu-
min, with or without microscopic hematuria, 
without hypertension; (3) acute nephritic syn-
drome (ANS): urinary protein < 3.5 g/d, with 
endoscopic hematuria and hypertension; (4) 
acute kidney injury (AKI); (5) chronic renal fail-
ure (CRF); (6) hypertension (HT): onset with 
hypertension as the main symptoms, blood 
pressure ≥ 140/90 mmHg, normal renal func-
tion, accompanied by proteinuria and or micro-
scopic hematuria; (7) isolated macrographic 
haematuria (iGH): at least once episode of mac-
rographic hematuria during the course of renal 
disease (to biopsy then); (8) recurrent macro-
graphic haematuria (rGH): at least two episodes 
of macrographic hematuria (to biopsy then).

Relevant definitions

Renal insufficiency: higher serum creatinine ≥ 
1.24 mg/dl. Anemia: Male hemoglobin (Hb) ≤ 
120 g/L; Female Hb ≤ 110 g/L; Altitude polycy-
themia [7-9]: referred to proposed diagnostic 
criteria at the National Plateau Medical 

Table 2. Classification of renal diseases based on renal live biop-
sies between two groups

The Plateau 
Group

The Plain 
Group

No. of case No. of case
Primary glomerular diseases 72 112
Secondary glomerular diseases 5 35
Systemic diseases 3 23
Systemic lupus erythematosus 1 15
Henoch-Schonlein purpura 2 6
Anti-glomerular basement membrane disease 0 1
Sjogren’s syndrome 0 1
Metabolic disease 0 9
Diabetic nephropathy 0 8
Amyloidosis 0 1
Vascular diseases 1 3
Microscopic polyangiitis 0 1
Benign/malignant nephrosclerosis 1 2
Infection 1 0
HBV infection 1 0
Hereditary and congenital renal disease 0 1
Alport syndrome 0 1
Tubulointerstitial diseases 0 4
Acute interstitial nephritis 0 3
Chronic interstitial nephritis 0 1
Rare renal disease 0 2
Obesity-related glomerulopathy 0 2

Table 3. Age-related distribution between two 
group patients

Age (Y)
The Plateau Group The Plain Group

P
N (%) N (%)

10~19 21 (27.27) 24 (15.58) < 0.05
20~29 18 (23.38) 25 (16.23) > 0.05
30~39 23 (29.87) 33 (21.43) > 0.05
40~49 9 (11.69) 43 (27.92) < 0.05
50~59 4 (5.19) 18 (11.69) > 0.05
≥ 60 2 (2.59) 11 (7.14) > 0.05

Medical University affiliated 
Changzheng Hospital, under-
went the light microscopic 
examination (including HE, 
PAS, PASM, Masson trichrome 
staining), immuno-histo-chem-
ical staining, and an electron 
microscopy examination. As 
regards to glomerulonephritis 
patients associated with hepa-
titis B virus infection, a kidney 
tissue HBsAg, HbcAg immuno-
histo-chemical staining were 
carried out as extra items.

Classification of pathological 
changes

Renal pathological character-
istics were defined according 
to the standards of WHO and 
based on the histological glo-
merular diseases classifica-
tion protocols [1].

Clinical classification

(1) Nephrotic syndrome (NS): 
urine protein > 3.5 g/day, se- 
rum albumin < 35 g/L, accom-
panied with body edema; (2) 
urinary abnormalities (Uab): 
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Conference (1982): Hb ≥ 200 g/L, RBC ≥ 6.5 × 
109/L, HCT ≥ 0.65, but excluding polycythemia 
induced by other factors. Hypertension: systolic 
blood pressure ≥ 140 mmHg and/or diastolic 
blood pressure ≥ 90 mmHg.

Qualifying criteria of right biopsy: None of kid-
ney tissue in biopsy counts on failure; the num-
ber of glomeruli < 5 in biopsy counts on poor 
quality of biopsy; the number of glomeruli 
between 5 and 9 in biopsy counts on good qual-
ity of biopsy; the number of glomeruli ≥ 10 in 
biopsy counts on excellent quality of biopsy.

Statistical analysis

SPSS 17.0 statistical software package was 
employed for statistical analysis, and the quan-
titative data were expressed as X ± SD, where-
as qualitative data were expressed as percent-

Discussion

Renal biopsy plays a key role in clinical diagno-
sis, design of therapeutic regimen, prognosis 
and feedback of post-treatment evaluation for 
chronic kidney diseases. Since June 2011, the 
technique of renal biopsy was taken a pioneer 
in the Tibet Military General Hospital in the 
Tibetan plateau region. The number of glomeru-
lar renal biopsy specimens requires a certain 
amount in order to provide reliable diagnostic 
information to avoid errors of diagnosis. If the 
number glomerular pathology less than five is 
considered as poor diagnostic reliability [7]. In 
the present study, the successful rate of renal 
biopsy reaches 100%, and the quality of renal 
tissue reaches 100% to ensure the accuracy of 
the diagnosis. It is the first summarized data 
that have been reported in our hospital to our 

Table 4. Prevalence of primary glomerular diseases
The Plateau Group The Plain Group

P
n (%) n (%)

Podocyte disease 32 (44.44) 12 (10.71) < 0.01
MCD 5 (6.94) 3 (2.68) > 0.05
MN 15 (20.83) 29 (25.89) > 0.05
MPGN 5 (6.94) 2 (1.79) > 0.05
IgAN 5 (6.94) 56 (50.00) < 0.01
FSGS 5 (6.94) 6 (5.36) > 0.05
EnPGN 2 (2.78) 2 (1.79) > 0.05
MsPGN 2 (2.78) 2 (1.79) > 0.05
SCGN 1 (1.39) 0 (0) > 0.05
Total 72 112
Abbreviations are: MCD: Minimal change disease; MN: Membranous ne-
phropathy; IgAN: IgA nephropathy; FSGS: Focal segmental glomerulosclero-
sis; MPGN: Membranoproliferative glomerulonephritis; MsPGN: Mesangial 
proliferative lesion; EnPGN: Endocapillary proliferative glomerulonephropa-
thy; SCGN: sclerotic glomerulonephritis.

Figure 1. Age-related distribution of two group patients.

ages. The statistical significant 
difference between groups was com-
pared with the chi-square test, and P 
< 0.05 was considered as a statisti-
cal significant difference.

Results

Glomerulonephritis were prevalent in 
the plateau and in the plain, account-
ing for 93.5% and 72.7%, respective-
ly. Nevertheless, there were signifi-
cant gender differences in chronic 
kidney diseases, more females in the 
plateau but more males in the plain. 
The sex ratios of chronic kidney dis-
eases in the plateau and in the plain 
were 0.54:1 vs. 1.08:1, separately (P 
< 0.01) (Tables 1-3; Figure 1).

Primary glomerulonephritis in the 
plateau were dominant with minimal 
change disease (44.44% vs. 10.71%, 
P < 0.01), while such diseases in the 
plain were dominant with IgA 
nephropathy (50.00% vs. 6.94%, P < 
0.01), which constituted two major 
differences between the plateau 
group and the plain group. As regards 
to distribution of the secondary glo-
merulonephritis, lupus nephritis (LN) 
was prevalent in the plain, whereas 
Henoch-Schonlein purpura nephritis 
(HSPN) was prevalent in the plateau 
but few were LN (seen in Tables 4-7; 
Figure 2).
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knowledge, thereby providing guidance for 
diagnosis of chronic plateau kidney disease via 
renal biopsy. One of our first findings is that 
female patients are more vulnerable to the pla-
teau chronic kidney diseases than males via 
renal biopsy, which is opposite to the previous 
report about chronic kidney diseases in the 
plain [10, 11]. However, the underlying mecha-
nism remains unclear.

The secondary findings is that the chronic kid-
ney diseases in the plateau are clustered 
around the youngest age (10-19 Y), and gradu-
ally slow down from 20 to 39 years old, where-
as those diseases in the plain are gathered 
between the middle age (40-49 years), which 
suggests that the chronic kidney diseases 
occurs in teenage, and it should be called for 
great attention to intervene.

communication and the religion in Tibetan may 
hurdle access to full data collection.

The chronic glomerular disease is the most 
common kidney disease in China. The inci-
dence of chronic glomerulonephritis is different 
from various countries and ethnics, and even 
different from various regions in the same 
country. In terms of countries in Asia as Saudi 
Arabia, Iran, the most common primary glomer-
ular disease is membranous nephropathy and 
focal segmental glomerulosclerosis, but IgA 
nephropathy is rare, accounting for 17.6% and 
6.6% respectively [12, 13].

Taken together, the most common kidney dis-
ease is still the primary glomerulonephritis in 
the Tibet Plateau, but primarily is the minimal 
change glomerular disease, and the most com-

Table 5. Glomerulonephritis in secondary glomerular diseases
The Plateau Group The Plain Group

P
No. of case (%) No. of case (%)

Henoch-Schonlein purpura 2 (40.00) 6 (14.28) > 0.05
Systemic lupus erythematosus 1 (20.00) 15 (35.71) > 0.05
Benign nephrosclerosis 1 (20.00) 2 (4.76) > 0.05
Hepatitis B virus (HBV) infection 1 (20.00) 0 > 0.05
Diabetic nephropathy 0 8 (19.04) > 0.05
Acute interstitial nephritis 0 3 (7.14) > 0.05
Obesity-related glomerulopathy 0 2 (4.76) > 0.05
Amyloidosis 0 1 (2.38) > 0.05
Anti-glomerular basement membrane disease 0 1 (2.38) > 0.05
Alport syndrome 0 1 (2.38) > 0.05
Microscopic polyangiitis 0 1 (2.38) > 0.05
Chronic interstitial nephritis 0 1 (2.38) > 0.05
Sjogren’s syndrome 0 1 (2.38) > 0.05
Total 5 42

Table 6. Comparison of primary glomerular diseases in dif-
ferent period in Nanjing, China

Type
Huiping Chen 
1990~1999

n=4408

Huiping Chen [1]
1979~2000

n=10594

Lei-Shi Li [14]
1979~2002

n=13519
IgAN 40.4 39.55 45.26
MsPL 30.1 29.78 25.62
MN 10.5 9.54 9.89
MPGN 2.7 4.15 3.38
EnPGN 2.7 3.07 2.75
FSGS 5.2 5.82 6.00
MCD 1.2 1.22 0.93

The third finding is that both of chronic 
kidney diseases in the plateau and in 
the plain are dominated with the pri-
mary glomerulonephritis. However, the 
primary glomerulonephritis is mainly 
minimal change-type, whereas it is lgA 
kidney disease type in the plain. In 
terms of the secondary glomerulone-
phritis, LN is dominated in the plain, 
whereas HSPN is dominated in the 
plateau.

The pitfall of our study is that subjects 
may not represent the patient’s popu-
lation as a whole, because the poor 
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mon clinical manifestations is the kidney dis-
ease syndrome in the plateau, whereas the IgA 
nephropathy is more common in the plain. In 
terms of the secondary renal diseases, an aller-
gic purpura nephritis is prevalent in the pla-
teau, whereas LN in the plain. The number of 
the secondary glomerulonephritis number is 
significantly lower than in the plain areas. The 
above underlying mechanisms may be attribut-
ed to ethics and living in the plateau tec., but it 
does not rule out other factors as a few sam-
ples, which will require further and more stud-
ies in the future.
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