Osteomalacia and Hyperparathyroid Bone Disease in

Patients with Nephrotic Syndrome

HARTMUT H. MALLUCHE, DAVID A. GOLDSTEIN, and SHAUL G. MASSRY,
Division of Nephrology and Department of Medicine, University of Southern
California, School of Medicine, Los Angeles, California 90033

ABSTRACT Patients with nephrotic syndrome have
low blood levels of 25 hydroxyvitamin D (25-OH-D)
most probably because of losses in urine, and a vitamin
D-deficient state may ensue. The biological conse-
quences of this phenomenon on target organs of
vitamin D are not known. This study evaluates one of
these target organs, the bone. Because renal failure is
associated with bone disease, we studied six patients
with nephrotic syndrome and normal renal function.
The glomerular filtration rate was 113+2.1 (SE) ml/min;
serum albumin, 2.3+27 g/dl; and proteinuria ranged
between 3.5 and 14.7 g/24 h. Blood levels of 25-OH-D,
total and ionized calcium and carboxy-terminal frag-
ment of immunoreactive parathyroid hormone were
measured, and morphometric analysis of bone histology
was made in iliac crest biopsies obtained after double
tetracycline labeling. Blood 25-OH-D was low in all
patients (3.2-5.1 ng/ml; normal, 21.8+2.3 ng/ml).
Blood levels of both total (8.1+0.12 mg/dl) and ionized
(3.8+£0.21 mg/dl) calcium were lower than normal and
three patients had true hypocalcemia. Blood immuno-
reactive parathyroid hormone levels were elevated in
all. Volumetric density of osteoid was significantly
increased in three out of six patients and the fraction of
mineralizing osteoid seams was decreased in all. Evi-
dence for an increase in active lacunae (bone-osteoclast
interface) occurred in three out of six patients and in
inactive (Howship’s lacunae) bone resorption in six out
of six. The data indicate that the loss of 25-OH-D in
urine of patients with nephrotic syndrome and normal
renal function may result in a decrease of blood levels
of ionized calcium, secondary hyperparathyroidism
and enhanced bone resorption. In addition, the vitamin
D-deficient state causes osteomalacia as evidenced by
defective mineralization and increased osteoid volume.
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INTRODUCTION

Disturbances in calcium homeostasis are not infrequent
in patients with nephrotic syndrome. These include
hypocalcemia (1-4), hypocalciuria (1, 2, 4), and
impaired intestinal absorption of calcium (1, 2). The
mechanisms underlying these derangements are not
evident. Because most patients with nephrotic syn-
drome also have renal failure, the latter may play a role
in the abnormalities of calcium metabolism in these
patients.

Recently, Goldstein etal. (5), Schmidt-Gayk et al. (6),
and Barragry et al. (7) reported that patients with
nephrotic syndrome have very low levels of 25-
hydroxyvitamin D (25-OH-D)! most probably because
of losses of this metabolite in urine. Goldstein et al. (5)
found that patients with nephrotic syndrome and
normal renal function have low blood concentrations of
ionized calcium and modest elevations in the blood
level of parathyroid hormone (PTH). They suggested
that a state of vitamin D deficiency exists in these
patients and may underlie the derangements in calcium
homeostasis (5).

However, data on the biological consequences of the
deficiency of 25-OH-D on target organs in patients with
nephrotic syndrome and normal renal function are not
available. This study was undertaken to evaluate bone
histology in six nephrotic patients with normal renal
function.

METHODS

The clinical and laboratory data of the six patients are given in
Table 1. All patients were female, and their ages ranged from
19 to 27 yr. There were five whites and one black. They all
were ambulatory and presumably had similar sun exposure
because they were studied during the same 4 mo period of
June through August. The diagnosis of the nephrotic
syndrome was made by hypoalbuminemia, proteinuria (>3.5

tAbbreviations used in this paper: 25-OH-D, hydroxy-
vitamin D; PTH, parathyroid hormone; iPTH, immuno-
reactive PTH.
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TaBLE I
Laboratory Data in Patients with Nephrotic Syndrome and Normal Kidney Function

Protein Serum
Patient Sex  Age Cr ¢Cr excretion albumin 25-OH-D Ca Ca, iPTH P Mg
mg/100 ml  ml/min — 1.73 m? g/24 h g/100 ml ng/ml mg/100 ml  mg/100 ml  uleg/min  mg/100 ml  mg/100 ml
1 F 27 0.83 91 6.3 2.4 4.3 8.3 4.18 40 4.8 1.86
2 F 21 0.70 99 14.7 1.9 3.7 7.88 4.12 30 4.7 2.54
3 F 19 0.90 168 10.4 1.1 5.1 7.96 3.52 75 4.1 1.78
4 F 23 0.73 103 7.1 2.7 4.4 7.74 3.71 63 3.3 2.07
5 F 19 0.60 95 3.5 3.0 4.3 8.54 4.34 35 3.0 1.83
6 F 26 1.00 126 14.5 2.4 3.2 7.88 2.92 85 3.6 1.81

Abbreviations used in this table: Cr, creatinine; “Cr, creatinine clearance; Ca,, ionized calcium; ND, not detectable.

g/d), lipiduria, and edema. Etiology of the nephrotic syndrome
was diabetes mellitus in one, focal sclerosis in three, focal
glomerulonephritis in one, and membranoproliferative
glomerulonephritis in one. The diagnosis of the renal disease
in the last five patients was made by renal biopsy. All had
normal renal function as evidenced by normal blood levels of
creatinine and normal values of glomerular filtration rate.
Marked proteinuria of 3.5-14.7 g/d was present in all patients
for at least 1 mo duration. This may be an underestimation,
because the nephrotic syndrome might have been present fora
longer period of time before the patient showed overt clinical
manifestations. The patients did not have other illnesses nor
did they receive steroid therapy or any other medications
known to affect bone metabolism. They ingested diets
containing 800-1,000 mg of calcium, 800-1,000 mg of
inorganic phosphorus, and 2 g of sodium.

Iliac crest bone biopsies were obtained after oral tetracycline
double labeling (8). The drug (1,000 mg/d) was given orally for
2d, followed by 12d without tetracycline administration;
thereafter, the drug was readministered for another 4d. 2d
later, bone biopsy was performed in an operating room under
local anesthesia using an electric drill (Straumann Inc.,
Waldenburg, Switzerland); intravenous diazepam was given
as needed during the drilling procedure. Two bone samples,
2-3 cm apart, were obtained to take into account intrinsic
histological variability. Informed consent was obtained from
all patients.

The bone samples were first coded and then embedded
in methylmethacrylate and undecalcified sections of 3 um
thickness were obtained with a Jung microtome model 1140
(Jung Inc., Heidelberg, Germany). The sections were
stained using a trichrome stain according to Masson-Goldner
(9) which allows differentiation of calcified from uncalcified
bone. The stained sections were evaluated with a Zeiss photo-
microscope III. Micromorphometric measurements were
done with an integrating grid as described by Merz and
Schenck (10). In the evaluation of the sections, 250 fields at
x200 were counted. Several sections from the two bone
samples were evaluated and the mean values for the various
parameters were calculated. Unstained sections of 7 um
thickness were evaluated under fluorescent light to assess
tetracycline uptake. The mean distance between two fluores-
cent bands as well as the mean width of diffusely labeled
osteoid seams of at least 50 formation sites were measured
and appositional rates were calculated. The results were com-
pared with normal values from 20 normal age-matched (range,
18-29; mean, 23+2.8 yr) Californian subjects; these bone
biopsies were obtained at autopsy from trauma victims
within 9 h of death. Again two bone samples from different
sites were used for the morphometric analysis. The normal
values for mineralizing osteoid (tetracycline uptake) are ob-

tained from studies in Germany on paid healthy volun-
teers, because we could not obtain information on tetracycline
labeling of osteoid in normal American subjects.

The blood levels of 25-OH-D were measured by competi-
tive protein-binding assay (11). The blood levels of immuno-
reactive PTH (iPTH) were determined by radioimmunoassay
with sheep antisera 478 (kindly supplied by Dr. C. Arnaud,
University of California, Veterans Administration Hospital, San
Francisco), **I-bovine PTH, and pooled sera from patients with
renal failure as a standard. This assay recognizes predominantly
carboxy-terminal fragments of PTH. The normal value for the
assay in our laboratory is up to 20 uleq/ml. The blood levels
of total calcium were measured by Perkin-Elmer atomic ab-
sorption photometer (model 503; Perkin-Elmer Corp., Instru-
ment Div., Norwalk, Conn.) and of ionized calcium with
an Orion flow-thru electrode (model SS20; Orion Research
Inc., Cambridge, Mass.). Creatinine and inorganic phospho-
rus were determined by Technicon AutoAnalyzer (Technicon
Instruments Corp., Tarrytown, N. Y.)

RESULTS

The blood levels of total and ionized calcium, iPTH,
25-OH-D, and micromorphometric parameters of bone
histology are given in Tables I and II. The concentra-

TABLE 11
Histomorphometric Parameters of Bone Formation
and Mineralization

Patient Ymin Mdouble Mdiffuse Mtotal
Ye umid umid umid

1 48 0.5 0.6 0.6

2 48 0.6 0.7 0.7

3 46 0.8 0.9 0.9

4 30 0.6 1.2 1.0

5 37 0.5 0.7 0.7

6 41 0.6 1.0 0.9

Normal >60 1.1+0.45

Abbretiations used in this table: Fmin, fraction of mineral-
izing osteoid seams, indicating fraction of osteoid seams with
tetracycline double label. Mdouble, appositional rate of bone
formation sites with double tetracycline uptake. Mdiffuse,
appositional rate of bone formation sites with diffuse
tetracycline uptake. Mtotal, appositional rate of total bone
formation sites.
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tions of total calcium in blood were low and ranged be-
tween 7.74 and 8.54 mg/100 ml and the levels of ionized
calcium were low in three patients (Nos. 3, 4, and 6)
(normal values, 3.95-4.50 mg/100 ml). All patients had
low levels of 25-OH-D ranging between 3.7 and 5.1
ng/ml (normal value, 21.8+2.3 [SE] ng/ml). The blood
levels of iPTH were elevated and ranged from 30 to 85
(54.7+9.3 [SE] uleq/ml).

The results of micromorphometric analysis of bone are
given in Tables Il and I11. The most remarkable finding
in bone histology was a marked decrease in the fraction
of mineralizing osteoid seams, i.e., decrease in osteoid
seams exhibiting the typical double bands of tetra-
cycline uptake (Fig. 1, Table II). Normally, >60% of
the entire osteoid seams are actively mineralizing (12);
in our patients only 30-48% of the osteoid seams dis-
played a normal pattern of mineralization.

Total appositional rate ranged between 0.6 and 1.0
um/d. The appositional rate of formation sites with
double or diffuse uptake of tetracycline were similar in
four patients (Nos. 1-4). Appositional rate of bone for-
mation sites with diffuse tetracycline uptake was
higher than the appositional rate of bone formation
sites with double tetracycline uptake in two patients
(Nos. 4 and 6). Also, an increase in volumetric density
of osteoid was observed in three of six patients. The
fraction of trabecular surface covered by unmineralized
osteoid seams was increased in patients 3 and 4. Woven
osteoid was not found in any of the patients.

All six patients displayed an increase in the fraction
of mineralized trabecular surface covered by How-
ship’s lacunae (Fig. 2, Table III). The surface density
of bone osteoclast interface (active lacunae) was in-
creased only in patients 3, 4, and 6, and the bone
changes characteristic of hyperparathyroidism were most
pronounced in patient 6. Patients 1, 2, and 5 had in-
creased total lacunae but without evidence for current
enhanced bone resorption.

DISCUSSION

The results of this study demonstrate that in patients
with nephrotic syndrome and normal renal function,
the low blood levels of 25-OH-D are associated with
histological abnormalities of bone consistent with vita-
min D deficiency. The patients displayed a histological
picture of osteomalacia as documented by disturbed
mineralization of osteoid seams and increased volu-
metric density of osteoid (12). The former abnormality
is evidenced by the diffuse uptake of tetracycline by
osteoid seams (Fig. 1). However, the lack of double
uptake of tetracycline may occur under other circum-
stances. First, marked suppression of the rate of new

bone formation may result in merging of the two tetra-
cycline bands giving the misleading appearance of dif-
fuse uptake (12). Our data on appositional rate vitiate
this possibility. An appositional rate of 0.5 um/d per-
mitted us to discriminate double bands of tetracycline
uptake (Table II). None of the appositional rates of
the diffusely labeled formation sites were <0.5 um.
It seems, therefore, that diffuse tetracycline uptake in
our patients could not be attributed to merging tetra-
cycline bands. Second, hyperparathyroidism may be
associated with diffuse tetracycline uptake because of
rapid bone formation resulting in the appearance
of woven osteoid (8). This is an unlikely explana-
tion for the diffuse uptake in our patients, be-
cause bone formation was not enhanced and woven os-
teoid was not present in any of them. It appears, there-
fore, that the diffuse uptake of tetracycline in our pa-
tients is a result of defective mineralization.

The presence of an increase in the fraction of mineral-
ized surfaces covered with Howship’s lacunae can be
accounted for by two mechanisms. First, bone has
been, or is being, exposed to excess PTH (13, 14) and
second, lacunae produced by regular bone reabsorp-
tion are not filled by normally mineralizing osteoid
because of vitamin D deficiency. Only three patients
who had the higher blood levels of iPTH displayed
evidence of enhanced current bone resorption. The
other three patients with mild elevation in blood levels
of iPTH had no evidence of increased active lacunae
but had increased total number of lacunae, suggesting
a delayed filling of previously resorbed lacunae.

Available data (5-7) provide evidence that there is a
loss of 25-OH-D in the urine of nephrotic patients.
This results in a deficient state of 25-OH-D. However,
a deficiency of other vitamin D metabolites such as
1,25(0OH),D; and 24,25(0OH),D; may also exist in such
patients. If these latter metabolites are also bound to a
serum protein which may be lost in the urine of pa-
tients with nephrotic syndrome, their blood levels may
fall as well. Adequate data on this issue are not
available. In addition, despite normal renal function, a
low substrate (25-OH-D) state may cause a decrease in
the production of 1,25(0OH),D,; and(or) 24,25(0OH),Ds.
Jubiz et al. (15) reported that in patients treated with
anticonvulsant medications, the blood levels of
1,25(0OH),D; were normal despite low levels of 25
(OH),D;. However, the blood levels of 25-OH-D in our
patients are (4.2+.26 [SE] ng/ml) lower than in the pa-
tients of Jubiz et al. (15) (7.9+1.02 [SE] ng/ml), and
we cannot, therefore, exclude the possibility that our
patients had low blood levels of 1,25(OH),D; as well.
Whether patients with nephrotic syndrome have a pure

FIGURE 1 Photomicrographs (x250) of undecalcified sections (7 um) of an iliac crest biopsy
from patient 3 (Table II) obtained after tetracycline double labeling. The sections are unstained
and viewed under fluorescent light. Only a few of the osteoid seams showed double uptake
representing normal mineralization (A). The majority of the osteoid seams displayed diffuse
fluorescence representing defective mineralization (B).



FIGURE 2 Photomicrograph (x160) of undecalcified section (3 wm) of iliac crest biopsy from
patient 3 (Table II). The section was stained after Masson-Goldner. Note the accumulation of
osteoid appearing as black areas in the right upper corner and on the left border of the trabecu-
lum. Also, areas of bone resorption as shown by arrows are noted. In the center of the trabeculum a
deep resorptive lacuna with osteoclasts lining part of its surface is seen.

deficiency of 25-OH-D or deficiency of other metab-
olites as well is not determined as yet.

Our data show that this vitamin D-deficient state in
patients with nephrotic syndrome and normal renal
function is associated with histological disturbance of
bone. This could be produced through two pathways.
First, a deficiency of 25-OH-D produces defective
mineralization of newly formed bone matrix and,
hence, osteomalacia. Second, a fall in the blood
levels of ionized calcium secondary to vitamin D de-
ficiency stimulates the activity of parathyroid glands
and causes secondary hyperparathyroidism which, in
turn, induces enhanced bone resorption.

It is interesting that all patients had defective
mineralization, whereas evidence for increased osteoid
volume or enhanced bone resorption occurred only in
some. This suggests that the first bone abnormality
in patients with nephrotic syndrome is a disturbance
in mineralization. Such a postulate is further supported
by the finding in patients 1, 2, and 5 who had no

498

evidence of current enhanced bone resorption and nor-
mal osteoid volume but unequivocal defective mineral-
ization. The development of other abnormalities in
bone is probably dependent on the duration and magni-
tude of the losses of 25-OH-D in the urine and the
consequent changes in ionized calcium and parathy-
roid gland activity. We did not endeavor to evaluate
a statistical correlation between histologic findings
and blood levels of 25-OH-D because the values of
the latter were uniformly and profoundly decreased.
Variations in the micromorphometric parameters
among our patients might have been a result of the
duration of the 25-OH-D-deficient state.

Indirect evidence for disturbance in bone metab-
olism in patients with nephrotic syndrome has been
reported. Emerson and Beckman (2) found generalized
rarefaction of the diaphysis in children with nephrotic
syndrome. Gottfried et al. (16) reported that some
of their nephrotic children had radiographic evidence
of bone demineralization. Similar observations were

H. H. Malluche, D. A. Goldstein, and S. G. Massry



TaBLE III

Micromorphometric Results in Nephrotic Patients with Normal Renal Function

Patient Ve Vios SIV (0] SVoa HL
Y e mm?*mm?® % mm?/mm?* %
1 16.1 0.53 21.7 4.2 10.40 199
2 244 0.39 21.9 2.8 15.60 22.7
3 30.9 4.67 15.5 22.3 36.40 20.2
4 24.1 2.34 15.6 21.9 36.40 31.5
5 24.9 0.31 20.6 9.3 5.20 15.3
6 22.2 1.06 21.0 15.8 62.41 23.9
Normal mean+2 SD 22.1 0.58 20.8 9.2 20.3 6.5
+12.2 +0.29 +8.2 +10.9 +14.4 +7.2

Abbreviations used in this table: HL, fraction of Howship’s lacunae, indicating
the fraction of mineralized (nonosteoid) trabecular surface covered by resorption
lacunae (active and inactive); OS, fraction of osteoid seams, representing the
fraction of trabecular surface covered by osteoid seams; S/V, specific surface,
i.e., the ratio of trabecular surface to trabecular volume; this ratio falls as
trabecular diameter rises; SV, surface density of bone-osteoclast interface
(active osteoclastic lacunae); Vy, volumetric density of bone (indicating the
fraction of spongiosal volume occupied by bone matrix); Vyos, volumetric density

of osteoid (indicating the fraction of spongiosal volume occupied by osteoid).

noted by Jones et al. (4) in adults. These findings
were interpreted as osteoporosis. However, Jones et al.
(4) found that nephrotic patients retained 84+3.8% of
an infused calcium load as compared to 27-55% (mean,
41%) in normal subjects (17). This finding is consistent
with the presence of osteomalacia in patients with
nephrotic syndrome.

Data on bone histology in patients with nephrotic
syndrome and renal failure are not available. It is pos-
sible that the losses of 25-OH-D in such patients
may worsen bone disease and alter the various com-
ponents of renal osteodystrophy.
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