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Abstract

Aims/hypothesis. Several studies have investigated
the lipoprotein phenotype in heterozygous carriers
of a defective lipoprotein lipase allele. We studied
whether heterozygosity for lipoprotein lipase defi-
ciency also affects glucose metabolism beyond its ef-
fect on plasma lipids.

Methods. To address this question 85 heterozygous
carriers of either a missense mutation (Gly188Glu)
or a splice site mutation (C—A in position -3 at the
acceptor splice site of intron 6) in the LPL gene
which both result in a catalytically inactive product
were compared with 108 unaffected subjects from
the same families.

Results. Carriers for one of these mutations had high-
er fasting insulin levels but only a trend towards in-
creased fasting blood glucose concentrations could
be detected. HOMA index values were significantly
higher in carriers than in non-carriers. Furthermore,
in carriers, a significantly higher BMI and a trend to-
wards higher systolic and diastolic blood pressure
were observed. Carriers also had significantly higher
fasting triglycerides, lower HDL cholesterol, and li-

poprotein lipase particles of smaller size, confirming
previous reports. Among carriers, subjects with one
rare allele of the SstI polymorphism in the apo CIII
gene had significantly higher plasma triglyceride lev-
els than those with two common Ss¢/ alleles. This dif-
ference could not be observed in non-carriers of a
mutant lipoprotein-lipase allele. The mean intima
media thickness of the carotid arteries was slightly,
but not significantly higher in carriers when com-
pared with non-carriers.

Conclusion/interpretation. This study shows that car-
rier status of one defective lipoprotein-lipase allele is
associated with impaired insulin sensitivity, an
atherogenic lipoprotein profile and other characteris-
tics of the metabolic syndrome, which are risk factors
for atherosclerotic vascular disease. A higher inci-
dence of atherosclerotic vascular disease, however,
could not be firmly established in carriers of this
study population. [Diabetologia (2002) 45: 377-384]
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Lipoprotein lipase (LPL) hydrolyses triglycerides in
triglyceride-rich lipoproteins, thus forming remnant
particles which are either degraded by the liver or
converted to IDL and LDL. Free cholesterol and
phospholipids from the surface of chylomicrons are
transferred to HDL. LPL is bound to the capillary
endothelium mainly in muscle and adipose tissue
and can be released by i.v. injection of heparin.
Complete deficiency of this enzyme results in a
massive accumulation of chylomicrons in plasma

[1].
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A number of structural mutations in the LPL gene
have been described [2, 3]. Patients homozygous for
mutations in the LPL gene which result in a catalyti-
cally inactive enzyme protein suffer from familial hy-
perchylomicronemia and are easily detected in early
infancy by the milky appearance of their fasting plas-
ma and their hepato-splenomegaly. Their plasma tri-
glycerides are greatly increased and their HDL cho-
lesterol is low, while total cholesterol is nearly normal
or moderately higher [4]. The frequency of this meta-
bolic defect is about 1 for each million [4]. From this
frequency of homozygous patients it can be deduced
that in the general population about 1 in 500 is a het-
erozygous carrier of a defective LPL allele. Carriers
of one defective allele cannot be detected by screen-
ing of plasma lipid levels. Their LPL activity is re-
duced to about half the activity of healthy control
subjects with a considerable overlap [5]. Therefore,
the only way to detect carriers is to screen for muta-
tions in the LPL gene.

Many mutations which do not result in a complete
loss of enzymatic activity, but only cause a moderate
decrease of lipolytic function have been found in the
LPL gene. Some of these mutations are quite com-
mon in most populations [2, 6] and many studies on
the phenotypic expression of mutations in the LPL
gene have been done on mutations with only a mod-
est or no effect on lipolytic activity. In heterozygous
carriers of some of these mutations an increase of
plasma triglycerides and a decrease in HDL choles-
terol level, the occurrence of small dense LDL, and
an increased risk for atherosclerotic vascular disease
have been described but the results are inconsistent
or could only be demonstrated in certain subgroups.
These studies have been extensively reviewed recent-
ly [2,6,7].

A few studies describe the phenotype of heterozy-
gous carriers of mutations in the LPL gene which
completely abolish lipolytic function of the gene
product. Because LPL plays a major role in the me-
tabolism of triglyceride-rich lipoproteins, these stud-
ies focussed on plasma lipids. Investigators studied
heterozygous carriers of the Glyl188Glu mutation
and found a significant increase of plasma triglycer-
ides, VLDL cholesterol, and apolipoprotein B (apo
B), and a decrease of HDL- and LDL-cholesterol
only in a subgroup of individuals over 40 years old
[8]. A similar pattern of plasma lipids has been de-
scribed in heterozygous carriers from French-Canadi-
an families with the Pro207Leu mutation [9]. In a
study of 8 heterozygous carriers of the Glyl188Glu
mutation and 8 control subjects from two families
the carriers had clearly reduced LPL activity, but
their fasting plasma triglycerides and HDL cholester-
ol levels were not significantly different from the val-
ues of the non-carriers; the carriers had LDL parti-
cles of small size and exhibited pronounced postpran-
dial lipemia in a fat tolerance test [10].

During the past few years, 8 patients with primary
hyperchylomicronemia due to a complete or nearly
complete LPL deficiency were admitted to our lipid
clinic. Altogether 4 of them were homozygous for
the Gly188Glu mutation [5], 2 were homozygous for
a C— A mutation in position -3 at the acceptor splice
site of intron 6 causing aberrant splicing and inactive
LPL [11], and 2 were compound heterozygotes for
these two mutations [11]. Because all these patients
lived in a clearly defined area near Salzburg, we as-
sumed that a rather large number of heterozygotes
could be detected in this region. Therefore, collabo-
rating with local physicians, we screened about 2000
individuals from this region. In the 85 heterozygotes
individuals detected for one of these two mutations
we investigated various parameters of lipid and glu-
cose metabolism.

Subjects and methods

Subjects. In a clearly defined geographical area where 8 pati-
ents with primary hyperchylomicronemia due to a Gly188Glu
missense mutation or a 3’ splice site mutation in intron 6 of
the LPL gene had been previously detected, about 2000 sub-
jects were screened for the presence of one of these 2 muta-
tions. The methods of screening for the Gly188Glu mutation
and for the 3’ splice site mutation in intron 6 have been de-
scribed previously [5, 11]. Heterozygous carriers were detect-
ed in 51 families. Subsequently, other members of these fami-
lies were screened to identify further carriers or non-carriers.
A total of 85 carriers (41 with the Gly188Glu mutation and
44 with the 3’ splice site mutation in intron 6) and 108 non-
carriers were found. One carrier and one non-carrier were di-
abetics. Patients on lipid-lowering or antihypertensive drugs
were excluded for statistical analyses of serum lipids or blood
pressure, two patients with overt diabetes for analysis of pa-
rameters of glucose metabolism. There was no difference in
the number of smokers between carriers and non-carriers.
All subjects gave their informed consent and the study was
carried out in accordance with the Declaration of Helsinki as
revised in 1996.

Laboratory analyses. Venous blood was collected after an
overnight fast. Fasting insulin was measured using the IMX in-
sulin kit (Abbot, Vienna, Austria). The reduction of plasma
glucose after i.v. insulin (k-ITT) was estimated using the short
insulin tolerance test as described previously [12]. HOMA in-
dices were calculated using the formula fasting blood glucose
(mg/dl) times fasting insulin (mU/1) / 405 [17]. Total serum cho-
lesterol, triglycerides, HDL cholesterol, LDL cholesterol,
Lp(a), Apo AI and Apo B were determined enzymatically
with commercially available kits (Hoffmann-LaRoche, Vien-
na, Austria). LDL size was determined by gradient gel electro-
phoresis using a kit from Zaxis (Hudson, Ohio, USA). Typing
of the SstI polymorphism near the 3’ end of the apo C III
gene was performed using a protocol previously described [18].

24-h ambulatory blood pressure measurements. 24-h ambulato-
ry blood pressure measurements were done in 50 carriers and
78 non-carriers using the Diasys-Integra blood pressure moni-
toring system from Novacor (Rueil-Malmaison, France).
None of these subjects was on antihypertensive therapy.
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Table 1. Clinical parameters in non-carriers and carriers of a mutant LPL allele

Non-carriers Carriers
Parameter n means + SEM n means + SEM P p?
Age (years) 108 408 1.8 85 425+20 n.s.¢ n.s.d
BMI (kg/m2) 108 239+04 83 25.6+0.5 0.008 0.013
Body fat (%) 18 263+25 33 269 +1.8 n.sd 0.047
S-BP(day) (mmHg)® 78 120.9 = 1.6 50 1245 2.0 n.s.¢ n.s.d
D-BP(day) (mmHg)" 78 76.3 + 1.0 50 79.5+ 1.1 0.043 0.076
CCA mean (um) 82 755.9 +30.8 70 770.4 +39.2 n.s.¢ n.s.¢
ICA mean (um) 82 7753 +30.3 70 785.0 + 37.7 n.s.¢ n.s.d
Tot-C (mg/dl)® 105 198.3 +£4.0 82 207254 n.sd n.sd
LDL-C (mg/dl)® 105 1245 +3.6 82 131.9+49 n.sd n.sd
TG (mg/dl)® 105 88.6 4.6 82 142.9 £ 11.0 < 0.0005¢ < 0.0005¢
HDL-C (mg/dl)® 105 61.0+1.8 82 50.5+1.5 < 0.0005 < 0.0005
Lp(a) (mg/dl) 99 20.4+2.9 79 292 +38 0.070 0115
Apo Al (mg/dl)® 105 150.0 +2.8 82 147.7 £ 3.6 n.s.¢ n.s.¢
Apo B (mg/dl)° 105 108.0 2.5 82 117.6 + 3.9 0.032 0.102
LDL size (A)® 83 2672+ 1.1 43 2574+ 1.5 < 0.0005 < 0.0005
F-BG (mg/dl) 106 92.1+12 84 92.9 + 3.0 n.s.d n.s.d
F-Insulin (WU/ml) 107 72+04 79 10.1 £ 0.9 0.001 0.008
k-ITT (% /minute) 106 4.6 +0.1 79 42+0.2 0.03 n.sd
HOMA index 106 1.7+02 79 23+0.2 0.006¢ 0.03¢
Fibrinogen (mg/dl) 104 257.6 £5.1 83 282.8 +7.7 0.007 0.037

2 After adjustment for age, sex, BMI; for BMI adjusted for age
and sex only
b Excluding cases on medication

IMT measurement. Intima media thickness of the carotid arter-
ies was measured by high resolution B-mode ultrasound (HDI
3000 CV from ATL, Munich, Germany) according to a proto-
col of other investigators [19].

Statistics. Mean levels of all tested clinical and biochemical pa-
rameters in the cohort of non-carriers were compared to mean
levels in the cohort of carriers either using the independent
samples ¢ test or after adjustment for age, sex and BMI em-
ploying appropriate general linear models. General linear
model analysis was also used to examine the possible presence
of an interaction effect between the LPL mutations and the
common and rare allele of the Sst/ polymorphism with respect
to mean levels of triglycerides.

All analyses were done using the SPSS statistical software,
version 10.0 (SPSS, Chicago, Ill., USA). A p value of less than
0.05 was considered significant.

Results

Altogether 85 heterozygous carriers (43 males and
42 females, 41 carrying the Glyl88Glu mutation
and 44 with the 3’ splice site mutation) and 108
non-carriers (53 males and 55 females) were stud-
ied. Clinical characteristics and laboratory parame-
ters of carriers and non-carriers are summarized in
Table 1.

Glucose metabolism. Carriers showed significantly
higher levels of fasting insulin and HOMA index.
These differences remained statistically significant
after adjustment for age, sex and body mass index.
The differences were also significant when the carri-
ers of the Glyl88Glu mutation and carriers of the

¢ Calculated from the analysis of log-transformed data
4 NS not significant: p > 0.15

splice site mutation in intron 6 were considered sepa-
rately (Table 2).

Carriers also showed a trend towards higher fast-
ing glucose concentrations and lower k-ITT values.
In carriers of the Gly188Glu mutation the difference
in k-ITT was significant (Table 2). Two patients with
overt Type II (non-insulin-dependent) diabetes melli-
tus (one carrier and one non-carrier) were omitted
from the calculations.

BMI. Carriers had a significantly higher BMI. This
difference remained significant after adjustment for
age and sex (Table 1).

Blood pressure. Carriers showed a small but not sig-
nificant increase of systolic and diastolic daytime am-
bulatory blood pressure (Table 1).

Plasma lipids and lipoproteins. Carriers had higher
fasting triglycerides, lower HDL cholesterol, and
LDL particles of smaller size (Table 1). All these dif-
ferences were statistically significant and remained
significant after adjustment for age, sex and BMI.

Among carriers, a trend towards increases in
Lp(a) levels was found. No difference between carri-
ers and non-carriers could be demonstrated with re-
gard to total cholesterol, LDL cholesterol, apo Al,
and apo B. Carriers also had higher plasma fibrino-
gen levels.

Sst polymorphism in the apo CIII gene and plasma tri-
glycerides. A possible interaction between the Sst/
polymorphism in the apo CIII gene and carrier status
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Table 2. Clinical parameters in non-carriers and carriers of the Gly188Glu mutation or the splice site mutation in intron 6 (6ss)

Non-carriers Carriers (Gly188Glu)

Carriers (6 ss)

Parameter n means + SEM n means + SEM p p* n means + SEM p p*
BMI(kg/m2) 108 239+04 40 26.4 +0.7 0.001 0.002 43 24.8 +0.8 n.s.¢4 n.s.d
Body fat (%) 18 263+25 17 26.7+2.8 n.sd 0.031 16 27124 n.s.4 n.s.¢4
S-BP(day) (nmHg)* 78 1209+16 23 1261+30 0.1 1. 5.8 27 129%25  n.sd n. s
D-BP(day) (mmHg)* 78 763+10 23  804+16  0.05 ns. 27 787+14  nsd ns.d
CCA mean (um) 82 7559+308 35 7743+594 n.sd n.s.¢ 35 7664+521 n.sd n.s.d
ICA mean (um) 82 7753+303 35 7775+561 n.sd n.sd 35 7923+513 n.sd n.s.d
TG (mg/dl)® 105 88.6 + 4.6 41 140.6 = 14.9 < 0.0005¢ <0.0005¢ 41 1452 £ 16.4 < 0.0005¢ < 0.0005¢
HDL-C (mg/dl)® 105 61.0+1.8 41 50.7 +2.3 0.001 <0.016 41 503 +1.9 0.0008 0.0011
LDL size® 83 2672+1.1 22 2572+ 1.5 <0.0005 <0.0005 21 257.6 +2.6 < 0.0005 0.0005
F-BG (mg/dl) 107 926+1.2 40 943+33 n.s.¢ n.s.d 44 91.7+1.9 n.s.d n.s.d
F-Insulin (wU/ml) 108 72+04 37 10.1£1.3 0.004 0.024 42 10.1£1.3 0.004 0.012
k-ITT 107 4.6 +0.1 37 41+0.2 0.022 0.13 42 43+0.2 n.s¢ n.s¢
HOMA index 107 1.7+0.2 37 24+04 0.014¢ 0.048° 42 23+0.3 0.016¢ 0.031¢
Fibrinogen (mg/dl) 104  257.6 5.1 41 2792 +8.2 0.03 0.096 42 286.3 + 13.0 0.014 0.027

2 After adjustment for age, sex, BMI; for BMI adjusted for age
and sex only
b Excluding cases on medication

¢ Calculated from the analysis of log-transformed data
4NS not significant: p > 0.15

Table 3. Interaction between Sstl polymorphism in the C /] gene and LPL carrier status with respect to serum triglyceride levels

Triglycerides (mg/dl) Means + SEM )4 p*

n Non-carriers n Carriers
Sst 1 91 88.2+5.1 73 1344 £10.2 < 0.0005 < 0.0005
Sst2 13 90.0 £ 9.4 8 226.5 £59.6 0.003 0.021
p n.sb 0.024
P n.s.P 0.008

p values were calculated on log transformed data; Sst 1 — ho-
mozygous for the common allele, Sst 2 — heterozygous for the
rare allele of the Sst/ polymorphism. p values for interaction
effect between LPL and SstI carrier-status employing a gener-

of an inactive LPL allele with regard to plasma tri-
glyceride levels was studied in 81 carriers and 104
non-carriers. Altogether 73 carriers and 91 non-carri-
ers had two common alleles, 8 carriers and 13 non-
carriers had one rare allele of the Sst/ polymorphism.
Among non-carriers, no difference in the concentra-
tion of plasma triglycerides could be detected be-
tween subjects homozygous for the common allele
or heterozygous carriers of the rare allele of the Sst/
polymorphism. Among carriers, however, subjects
carrying one rare Sst/ allele had significantly higher
plasma triglyceride concentrations than subjects with
two common Sst/ alleles (Table 3). Employing a gen-
eral linear model, the interaction effect between
Sstl- and LPL carrier status with regard to plasma
triglyceride levels was nearly significant (p = 0.089)
and remained so (p = 0.096) after adjustment for sex,
age and BMI (Table 3).

Atherosclerotic vascular disease. Mean IMT values of
the carotid arteries (common and internal carotid ar-
tery) were slightly higher in carriers than in non-carri-
ers (Table 1). Among carriers, 4 individuals (2 males
and 2 females), and in the group of non-carriers

al linear model: p = 0.089 without adjustment; p = 0.096 after
adjustment for age, sex, and BMI

2After adjustment for age, sex and BMI

®NS not significant: p > 0.15

2 males, had definite coronary artery disease (history
of myocardial infarction or coronary angioplasty).

Discussion

The subjects of this study were recruited from a clear-
ly defined geographical area (a valley in the Austrian
mountains south of Salzburg where the population
mobility always was very low), where eight patients
with primary hyperchylomicronemia had previously
been detected. These patients were homozygous or
compound heterozygous for a defective LPL allele
due to a Gly188Glu missense mutation or a splice
site mutation in the acceptor splice site of intron 6.
Familial hyperchylomicronemia is a rare metabolic
disorder with a frequency of 1 in a million. Because
the number of patients found in this area is much
higher than expected, a relatively large number of
heterozygotes for one of these two mutations could
be detected by screening the general population of
this region. The 85 carriers and 108 non-carriers of
this study are members of 51 families. Although it is
not possible to clearly define the pedigrees of these
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families a genetic relationship can be assumed. The
high frequency of the two mutations is possibly due
to founder effects, but this could not be firmly estab-
lished.

In this study, significantly higher levels of fasting
insulin but only a trend towards increased fasting
blood glucose values has been found in heterozygous
carriers of one mutant allele of the LPL gene, either
the missense mutation Gly188Glu or the splice site
mutation in intron 6. In carriers, HOMA values were
significantly higher than in non-carriers. This finding
suggests that insulin sensitivity is reduced in the pres-
ence of one defective LPL allele. Carriers also
showed an increased BMI, a trend towards a higher
blood pressure and increased plasma fibrinogen lev-
els. Together with higher plasma triglycerides, low
HDL cholesterol and small dense LDL, all these find-
ings are the characteristic symptoms of the so-called
metabolic syndrome. Whereas the alterations of plas-
ma lipoproteins can be explained by reduced lipolytic
activity due to one defective LPL allele, the effect on
other components of the metabolic syndrome are dif-
ficult to interpret. The metabolic syndrome is the
consequence of insulin resistance. In our study, carri-
ers obviously showed characteristic findings of insulin
resistance and had an increased BMI. Two possible
mechanisms for these findings are: the carrier status
itself is responsible for insulin resistance, or the carri-
er status primarily results in an increased BMI which
is the cause for insulin resistance or both. When
BMI, the mutated LPL allele, age and sex were taken
into consideration as factors influencing insulin sensi-
tivity, these four factors explained approximately
15% of the total variation of fasting insulin and
HOMA. The effect of the LPL mutations was of the
same magnitude as the effect of BMI, whereas the ef-
fect of age and sex was much weaker. Therefore, we
suggest that in carriers the mutated LPL allele im-
paired insulin sensitivity not only by increasing BMI
but also by another mechanism independent from
BMI.

In our study, carriers showed a highly significant
elevation of fasting triglycerides, a decrease in HDL
cholesterol, and a smaller size of LDL particles. Due
to the low frequency of familial hyperchylomicrone-
mia only a few studies have been done describing
the phenotype in heterozygous carriers of mutations
resulting in inactive gene products. Our results con-
cerning plasma lipids are consistent with findings re-
ported by other investigators [8, 9, 16-18]. The au-
thors of these studies reported that in heterozygous
carriers of the Gly188Glu or Pro207Leu mutation ex-
pression of hypertriglyceridaemia is dependent on
age, obesity and diabetes [8, 9, 22]. In our study, car-
riers had significantly higher levels of plasma triglyc-
erides, even after adjustment for age, sex and BMI.

Different mutations of the LPL gene could have
different effects on phenotypic expression. In the

case of the Gly188Glu mutation, a single amino acid
substitution results in complete loss of lipolytic activ-
ity [19]. Heterozygotes with this mutation have about
half normal lipolytic activity [5]. The splice site muta-
tion in intron 6 results in aberrant splicing: The major
transcript shows deletion of exons 6 through 9 and
amounts to only about 3% of the normal transcript
in a healthy subject; only trace amounts of a normally
spliced transcript can be detected [11]. In homozy-
gotes of the splice site mutation post-heparin LPL ac-
tivity is extremely low, heterozygotes had variable
LPL activities ranging from less than half normal to
normal [11]. The effects on carbohydrate and lipid
metabolism were observed for both the missense
and the splice site mutation. Because these two muta-
tions result in structurally very different gene prod-
ucts, we suggest that the observed metabolic effects
are due the reduced LPL activity rather than to a spe-
cific alteration of the protein structure.

In various populations, an association of the rare
allele of the Sst/ polymorphism at the 3’ end of the
apo CIII gene with higher levels of plasma triglycer-
ides has been described [5, 12, 13]. Therefore, we in-
vestigated a possible interaction between this poly-
morphism and plasma triglyceride levels in carriers.
In our study, among non-carriers of a mutant LPL
gene, subjects with two common Sst/ alleles had the
same triglyceride level as subjects carrying one rare
Sstl allele. On the other hand among carriers of a mu-
tant LPL allele, individuals with one rare SstI allele
had mean serum triglyceride levels nearly twice as
high as those found in subjects carrying two common
Sstl alleles. The calculation of the interaction with a
general linear model correcting for age sex, and BMI
resulted in a p value of 0.096. The small number of in-
dividuals carrying both a rare LPL mutation and a
rare polymorphic allele could make it impossible to
prove an interaction. Therefore, we can only suggest
that in carriers of one defective LPL allele the Sst/
polymorphism could possibly modulate the expres-
sion of hypertriglyceridemia. Because the SstI poly-
morphic site is located in the non-coding region of
the Apo CIII gene, the effect of the rare Sst/ allele
might be due to a linkage disequilibrium with other
functional sequences in or near the apo CIII gene. A
linkage disequilibrium of the SstI polymorphism
with a variant form of the human apo CIII promoter
has been postulated [23]. Whereas the wild type pro-
moter is down-regulated by insulin, the variant pro-
moter is defective in its response to insulin [24]. This
might play a role in the case of an additional lipolytic
defect. It has been shown that Apo CIII inhibits the
lipolytic activity of LPL [25] as well as the uptake of
chylomicron remnants by the liver [26].

Thus, the results of this study strongly suggest that
carriers of one mutant L.PL allele resulting in a lipo-
lytically deficient protein are characterized by insulin
resistance, higher triglyceride levels, decreased HDL
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cholesterol, and a predominance of small dense LDL,
and other characteristics of a metabolic syndrome
which are risk factors for atherosclerotic vascular dis-
ease. The question whether heterozygosity for LPL
deficiency represents a risk factor for this disease has
been addressed in several studies. In a recent review
[7] the Mantel-Haenszel stratified analysis of previ-
ous reports was used to calculate the summary odds
ratio for an association between carrier status of vari-
ous mutations in the LPL gene and cardiovascular
disease. The results of these calculations are inconsis-
tent. Investigators [27] identified 6 subjects with the
Gly188Glu mutation among 9259 individuals in a ran-
dom sample of the Danish population (Copenhagen
City Heart Study), 3 heterozygous carriers of this mu-
tation were found among the 948 patients with coro-
nary heart disease. In the present study, we measured
IMT of the common and internal carotid arteries. A
moderate trend towards higher values was found in
carriers but the difference between carriers and non-
carriers was not significant. In the group of carriers,
4 subjects and in the group of non-carriers 2 subjects
had a history of a coronary event. These findings
seem to indicate that the carrier status of one defec-
tive LPL allele without any additional cardiovascular
risk factor is not associated with a substantially in-
creased risk of atherosclerotic vascular disease, at
least in this cohort of carriers. Possibly the mean age
of the subjects was too low to detect a difference in
IMT between carriers and non-carriers. A long-term
clinical follow up of the study cohort will give a
more definite answer to this question.
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