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transplantation, but the disease can rapidly reoccur in the 
transplanted kidney within only a few years, as shown in a 
single reported anecdotal case (7). Although chronic kid-
ney disease (CKD) etiopathogenesis is not completely un-
derstood, lipoprotein X (LpX), an abnormal lipoprotein 
enriched in unesterified cholesterol and relatively poor in 
other lipids and apolipoproteins, is involved in causing re-
nal damage (8). Currently, no effective treatment is avail-
able for FLD. Intervention is limited to the correction of 
lipid profile, through lipid-lowering drugs, and to the pre-
vention and delay of renal failure, through renoprotective 
agents (9). However, there are no data about the real effi-
cacy of these interventions. Hence, the prognosis of renal 
disease is not known and the rate of deterioration of kidney 
function is variable and unpredictable. Here, we report the 
follow-up of the Italian cohort of FLD patients (1, 2, 10), one 
of the largest cohorts described, followed for up to 24 years.

MATERIALS AND METHODS

Subjects
We collected clinical data from 18 Caucasian subjects (12 males 

and 6 females) with molecular confirmation of FLD, all belonging 
to the Italian cohort (1, 2, 10). The group was comprised of 13 
homozygous and 5 compound heterozygous for mutations in the 
LCAT gene. All procedures were followed in accordance with the 
ethical standards of the local institutional committees on human 
experimentation and according to tenets of the Helsinki Declara-
tion of 1964, as revised in 2013. The study was approved by the 
internal ethics committee (approval number 446-092014). All pa-
tients provided written informed consent. In the case of deceased 
patients, consent was waived according to the Italian Data Protec-
tion Authority (Deliberation Number 85 1 March 2012).

Data collection
Demographic characteristics and medical history (with specific 

reference to renal disease), both at referral (baseline) and during 
follow-up, and information on new renal events were collected. 
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Familial LCAT deficiency (FLD) is a very rare autosomal 
recessive disorder of lipid metabolism caused by loss-of-
function mutations in the LCAT gene (1). FLD patients 
have severe hypoalphalipoproteinemia and impairment 
of cholesterol esterification in plasma (2). Besides lipid 
abnormalities, homozygous and compound heterozygous 
FLD patients present corneal opacification, hemolytic ane-
mia, and renal disease, which represents the primary cause 
of morbidity and mortality (3). Proteinuria can develop as 
early as in the second decade of life (4), and it unpredict-
ably progresses to renal insufficiency and eventually to 
kidney failure (5, 6). FLD patients are candidates for renal 
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CKD was classified according to the KDIGO guidelines (11). Esti-
mated glomerular filtration rate (eGFR) was calculated using the 
2009 CKD-EPI creatinine equation (12).

The follow-up period was defined as the time between the first 
and the last available contact. The mean follow-up was 12 ± 8.5 
years (range: 1–24 years). Event of interest was defined as any of 
the following: 1) dialysis, 2) kidney transplantation, or 3) death 
for renal complications.

Biochemical analyses
Blood samples were collected after an overnight fast and 

plasma separated by low-speed centrifugation at 4°C. Plasma total 
cholesterol, HDL-cholesterol, triglyceride, and apolipoprotein 
levels were determined with certified methods using a Roche In-
tegra c311 autoanalyzer (Roche Diagnostics). LDL-cholesterol 
was calculated using the Friedewald’s formula. When triglycerides 
were >400 mg/dl (two cases), LDL-cholesterol was assessed using 
direct measurement. LDL-cholesterol levels were virtually identi-
cal when calculated by the Martin-Hopkins equation compared 
with the Friedewald’s formula (91.8 ± 61.0 mg/dl and 91.7 ± 61.0 
mg/dl, respectively). Unesterified cholesterol was determined by 
using a previously described enzymatic technique (13). Plasma 
LCAT concentration was measured by a specific competitive en-
zyme-linked immunoassay (14). Plasma cholesterol esterification 
rate and LCAT activity, which reflect the ability of endogenous 
LCAT to esterify cholesterol within endogenous lipoproteins and 
exogenous HDL, respectively, were assessed by using previously 
described methods (2).

The presence of proteinuria was assessed by protein reagent 
strip and then confirmed by spot test and/or 24 h urine 
collection.

Statistical analysis
Descriptive statistics such as mean ± SD were estimated for all 

variables. Comparisons between groups were performed by inde-
pendent t-test or Chi-square as appropriate. Nonnormally distrib-
uted variables were log-transformed before proceeding to the 
analysis. We estimated the time to first renal event by using 
Kaplan-Meier survival curves. Survival curves stratified by sex and 
median unesterified cholesterol were compared by using the log-
rank test. Due to the limited sample size, no adjusted analyses 
were carried out (15).

All statistical analyses were performed using SPSS software 
version 26.0 (SPSS Inc., Chicago, IL). Tests were two-sided and 
P values <0.05 were considered as statistically significant.

RESULTS

Baseline characteristics of Italian FLD cohort
Eighteen Caucasian subjects (6 females and 12 males) 

with molecular confirmation of FLD were included in the 
analysis. Included subjects were either homozygous or com-
pound heterozygous carriers of mutations in the LCAT 
gene. FLD cohort characteristics at diagnosis are summa-
rized in Table 1. Median age at diagnosis was 32.5 years 
(range: 20–70 years); twelve were male. FLD patients 
showed the typical lipid profile, characterized by very low 
HDL-cholesterol, ApoA-I, and ApoA-II levels, and high 
triglycerides. As expected in the total absence of LCAT ac-
tivity, assayed on both exogenous and endogenous lipopro-
teins (LCAT activity and cholesterol esterification rate, 
respectively), plasma cholesterol was mainly unesterified, 
although with a certain variability. Included cases carried 
15 different mutations in the LCAT gene and belonged to 
14 families. No major differences were observed between 
females and males, except for a significantly higher preva-
lence of hypertension in males.

Twelve FLD patients (three females and nine males, 
mean age 41.7 ± 15.0 years) already had CKD at diagnosis; 
seven had proteinuria (moderately to severely increased), 
four were on hemodialysis, and one already had kidney 
transplantation. Mean eGFR in these patients was 36.2 ± 
36.4 ml/min/1.73 m2. The remaining six patients (three 
females and three males) had normal renal function at 
diagnosis (eGFR 117.0 ± 16.8 ml/min/1.73 m2 and ab-
sence of proteinuria) and were indeed younger (mean age 
29.2 ± 11.3 years). Change of eGFR over time for one rep-
resentative patient with normal renal function and one 
representative patient with proteinuria was reported in 

TABLE 1. Demographic and lipid/lipoprotein characteristics of FLD patients at diagnosis

All (n = 18) Females (n = 6) Males (n = 12)
Reference 

Values

Age at diagnosis (years) 37.5 ± 14.8 38.2 ± 15.1 37.2 ± 15.3 —
Body mass index (kg/m2) 23.8 ± 3.0 21.9 ± 2.7 24.2 ± 3.1 18–25
Total cholesterol (mg/dl) 156.1 ± 81.4 134.3 ± 61.1 168 ± 91.0 <200
Unesterified cholesterol (mg/dl) 140.1 ± 73.2 113.7 ± 45.8 154.5 ± 82.9 <60
Unesterified/total cholesterol 0.91 ± 0.11 0.86 ± 0.10 0.94 ± 0.11 <0.30
LDL-cholesterol (mg/dl) 91.7 ± 61.0 68.8 ± 23.8 104.2 ± 72.0 <130
HDL-cholesterol (mg/dl) 7.2 ± 3.4 7.5 ± 3.3 7.1 ± 3.5 >40
Triglycerides (mg/dl) 266.9 ± 179.1 282.2 ± 209 258.5 ± 170.8 <150
Phospholipids (mg/dl) 292.6 ± 118.0 261.2 ± 79.2 306.9 ± 133.0 <200
ApoA-I (mg/dl) 36.4 ± 8.8 31.7 ± 6.1 38.9 ± 133.0 115–180
ApoA-II (mg/dl) 6.9 ± 4.0 8.1 ± 6.1 6.6 ± 3.6 26–51
ApoB (mg/dl) 50.7 ± 26.9 60 ± 23.8 44.6 ± 28.3 70–150
LCAT mass (µg/ml) 1.55 ± 1.38 2.35 ± 1.76 1.06 ± 0.86 3.1–6.7
Cholesterol esterification rate (nmol/ml/h) 0 ± 0 0 ± 0 0 ± 0 30–60
LCAT activity (nmol/ml/h) 0 ± 0 0 ± 0 0 ± 0 25–55
Hemoglobin (g/dl) 10.2 ± 2.1 10.7 ± 1.5 9.9 ± 2.6 >12
Presence of proteinuria [yes, n (%)] 7 (38) 2 (33) 5 (42) Absent
Hypertension [yes, n (%)] 12 (67) 1 (17) 11 (92)a No

Data are reported as mean ± SD or number (%).
aP < 0.05 versus females.
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supplemental Fig. S1. Interestingly, unesterified cholesterol 
was higher in FLD patients with CKD at diagnosis (156.9 ± 
78.9 mg/dl vs. 99.7 ± 37.6 mg/dl). Use of renoprotective 
agents (ACE inhibitors) at diagnosis was recorded in seven 
patients.

Evolution of renal disease in Italian FLD patients
Mean follow-up was 12 ± 8.5 years (range: 1–24 years). 

During follow-up, 16 renal events (dialysis, kidney trans-
plant, or death for renal complications) were recorded, 
giving an overall incidence of cumulative events of 88.8% 
(7.8% per year). Ten new events were observed in FLD pa-
tients with normal renal function at diagnosis. Survival 
analysis was performed to assess the median age of occur-
rence of any renal outcome (i.e., dialysis, kidney transplan-
tation, or death for renal complications). Kaplan-Meier 
survival analyses showed that the overall median event-free 
survival in the FLD cohort was 46 years (Fig. 1A) [95% CI 
35.1–56.9]. Five patients had a second kidney failure caused 
by the disease (as confirmed by renal biopsy) that required 
dialysis, and three underwent a second kidney transplant. 
Kaplan-Meier analysis for event recurrence showed that 
median time to a second event (dialysis, kidney transplant, 
or death for renal complications) was 10 years [95% CI 
5.0–14.1] (Fig. 1B). By the sixth decade of age, more than 
two-thirds of FLD patients had established CKD or were 
dead.

Survival curves categorized for sex showed that event-
free survival time was extended in females compared with 
males (median time 62 vs. 43 years in females and males, 
respectively), although it did not reach statistical signifi-
cance (log-rank test: P = 0.308) (Fig. 2) and a confounding 
effect of hypertension could not be ruled out. However, 
Kaplan-Meier survival analyses showed that, in this cohort, 
hypertension was not associated with renal events (supple-
mental Fig. S2).

Interestingly, when subjects were categorized according 
to unesterified cholesterol over or under median plasma 
levels at diagnosis (124.4 mg/dl), event-free survival was 
significantly lower in patients with unesterified cholesterol 
values above the median (median time 40 vs. 64 years for 
unesterified cholesterol over and under the median, re-
spectively; log-rank test: P = 0.016) (Fig. 3). A sensitivity 
analysis was performed by computing Kaplan-Meyer curves 
stratified for unesterified cholesterol level after including 
only hypertensive subjects (the majority of the sample). 

The resulting log-rank test was still significant, thus indicat-
ing that a confounding effect by hypertension is rather un-
likely (supplemental Fig. S3).

DISCUSSION

Clinical manifestations of FLD include corneal opacifi-
cation, which represents a hallmark of the disease but is 
rarely associated with visual impairment, hemolytic ane-
mia, and renal insufficiency. Renal disease represents the 
major cause of morbidity and mortality in FLD cases; pro-
teinuria can develop early in life and can unpredictably 
progress to renal insufficiency and eventually to end-stage 
renal disease. Due to the rarity of the disease, the natural 
history of FLD is still largely unknown. In the past 20 years, 
we have collected a large cohort of carriers of LCAT muta-
tions, which comprises 33 unrelated families. Thanks to the 
availability of a large number of FLD carriers, followed in 
some cases for more than two decades, we showed that half 
of the FLD patients had the first renal event, i.e., kidney 
failure or kidney transplantation or death for renal compli-
cations, by the age of 46 years. Moreover, we showed that 
median time to a second kidney failure, kidney transplant, 
or death for renal complications was 10 years, and by the 
sixth decade of age more than two-thirds of FLD patients 
had established CKD or were dead.

Appearance and progression of renal damage in FLD pa-
tients is highly variable, even within the same family (2), 
suggesting that several genetic and environmental factors 
can impact on kidney deterioration. The biochemical phe-
notype, which is quite heterogenous in FLD patients, also 
depending on modifier genes such as APOE (16), is likely a 
major determinant of kidney failure (17). The role of cir-
culating lipids in renal damage is suggested by the accumu-
lation of oxidized phospholipids in the glomeruli (18) and 
by the entrapment in capillary loops of abnormal lipopro-
tein particles, namely LpX, made of phospholipids and 
unesterified cholesterol (3). Interestingly, in our cohort, 
unesterified cholesterol level at diagnosis was the only 
plasma lipid parameter able to identify patients with rapid 
deterioration of kidney function. Increased unesterified 
cholesterol plasma level is the leading feature of LCAT de-
ficiency; the excess unesterified cholesterol cannot accom-
modate in circulating lipoproteins and it thus accumulates 
in the abnormal LpX, a vesicle or a multilamellar vesicle 

Fig. 1. Kaplan-Meier survival curves for first (A) and recurrent (B) renal event 
(dialysis, kidney transplantation, or death for renal complications) in FLD pa-
tients. Dashed lines indicate the 95% CIs.
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comprised of phospholipid/cholesterol bilayers surround-
ing an aqueous core. LpX has been shown to be cytotoxic 
and pro-inflammatory in cell culture studies (19), it accu-
mulates in the kidney and thus could account for the lipid 
deposition in mesangial cells, one of the main pathologic 
findings in the kidneys of FLD patients (3).

Renal transplantation represents an option in severe 
FLD cases with kidney failure; however, because transplan-
tation does not correct the underlying enzymatic defect, 
disease can rapidly reoccur. As for other systemic diseases 
characterized by renal involvement, e.g., amyloid light-
chain amyloidosis, organ transplant improves life expec-
tancy, but graft survival is limited (20). Indeed, in our 
cohort of 18 FLD patients, 5 had a second renal failure 
that required dialysis, and 3 underwent a second kidney 
transplant within 15 years.

The cure of FLD should thus focus on correcting the 
systemic disorder, and specifically on reducing the circulat-
ing amount of the toxic unesterified cholesterol. Enzyme 
replacement therapy with recombinant LCAT, able to 

restore LCAT activity and eventually reduce circulating 
unesterified cholesterol, is certainly an option, and it is cur-
rently under clinical development (21, 22). A second op-
tion is represented by gene therapy (23), which is at present 
very far from being tested in humans. Finally, small mole-
cule activators of LCAT, eventually orally active, have been 
tested in vitro and proved to be able to activate not only 
wild-type but also some mutant LCAT (24).

In conclusion, the present study highlights the severe 
consequences of FLD, which leads to kidney failure before 
the fifth decade of age, and points-out the need of early 
diagnosis and referral to specialized centers, and the ur-
gency for effective treatments to prevent or slow the renal 
disease in FLD patients.

Data availability
The datasets generated and/or analyzed during the cur-

rent study are available from Laura Calabresi (Università 
degli Studi di Milano, laura.calabresi@unimi.it) upon rea-
sonable request.

Fig. 3. Kaplan-Meier survival curves for renal event 
(dialysis, kidney transplantation, or death for renal 
complications) according to plasma unesterified cho-
lesterol (UC) levels at diagnosis. Log-rank test P = 0.016 
according to UC level under (blue line) or above (red 
line) the median.

Fig. 2. Kaplan-Meier survival curves for renal event 
(dialysis, kidney transplantation, or death for renal com-
plications) according to sex. Log-rank test P = 0.308 
according to male (blue line) or female (red line) sex.
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