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ABSTRACT

URPOSE: Celiac disease is associated with hypocholesterolemia, which is thought to contribute to a
avorable cardiovascular risk profile. This led to suggestions that the diagnosis of celiac disease and its
reatment with a gluten-free diet may result in elevation of the serum cholesterol level and worsen this risk
rofile. However, no study proves this in adults. We therefore examined the effect of a gluten-free diet on
he lipid profile in patients with celiac disease.
UBJECTS AND METHODS: We identified 132 patients with celiac disease who adhered to a gluten-free
iet and had lipid profiles performed before and after a median of 20.5 months on the diet. The patients
acked diseases that may affect serum lipids.
ESULTS: There were significant increases in total cholesterol and high-density lipoprotein (HDL)
holesterol (P � .0001) but not low-density lipoprotein (LDL) cholesterol (P � .06). The LDL/HDL ratio
ecreased by 0.36 � 0.7 (P � .0001). Both men and women had a significant increase in total cholesterol
nd HDL and a significant decrease in the LDL/HDL ratio. Only men had increases in LDL (P � .02). The
reatest increase in lipid values was seen in those with the lowest initial values. The largest increase in
DL was seen in subjects with more severe disease as indicated by low albumin level and presence of total
illous atrophy.
ONCLUSIONS: Diagnosis of celiac disease and its treatment with a gluten-free diet resulted in im-
rovement in the lipoprotein profile, which included an increase in HDL and a decrease in the LDL/HDL
atio. © 2006 Elsevier Inc. All rights reserved.
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eliac disease is an autoimmune disorder caused by intol-
rance to gluten, which is found in wheat and similar pro-
eins in barley and rye.1 Therapy involves a gluten-free diet
n which these offending grains are eliminated. Once con-
idered a rare disease of childhood, celiac disease is now
ecognized to affect approximately 1% of the population.2,3

hose with celiac disease often have hypocholesterol-
mia,2,4-8 which is more severe in men than women.7 In
ddition to low cholesterol, those with untreated celiac
isease have relative hypotension, which is thought to con-
ribute to a favorable cardiovascular risk profile.2 This raises
he issue as to the wisdom of identifying and treating the

Requests for reprints should be addressed to Peter H. R. Green, MD,
61 Fort Washington Avenue, New York, NY 10032.
l: pg11@columbia.edu.

ront matter © 2006 Elsevier Inc. All rights reserved.
ed.2005.12.025
ast number of people with undiagnosed celiac disease. To
valuate the impact on cardiovascular risk, we assessed the
ffect of a gluten-free diet on the lipid profile of a large
ohort of individuals with newly diagnosed celiac disease.

ETHODS
rom an anonymized database of 700 patients with celiac
isease (65% were females and 35% were males), we iden-
ified 132 adults with biopsy-proven celiac disease who had
esponded favorably to the gluten-free diet and had lipid
alues determined at the time of diagnosis and while on the
iet for at least 6 months. Excluded were those who did not
espond to or were poorly compliant with the diet; those
ho had dyslipidemia and were already receiving lipid-
owering medications; or those who had diabetes, malig-
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787Brar et al Change in Lipids in Celiac Disease
ancy, thyroid disease, liver disease, inflammatory bowel
isease, or pancreatitis at the time of celiac disease diagno-
is. The variables identified were age; gender; mode of
resentation of celiac disease, either classic (diarrhea) or
ilent/atypical; degree of villous atrophy, either partial vil-
ous atrophy (Marsh 111a) or total villous atrophy (TVA)
total/subtotal, Marsh 111b and c);9 and time to determina-
ion of follow-up laboratory values. This study was ap-
roved by the institutional review board.

Fasting serum lipid parameters of total cholesterol (TC),
riglycerides, high-density lipoprotein cholesterol (HDL-C),
ow-density lipoprotein cholesterol (LDL-C), and serum
lbumin were recorded at the time of diagnosis (before
nitiation of a gluten-free diet) and after maintaining a
luten-free diet for at least 6 months. Dietary compliance
as assessed by a physician and dietician, as well as by

ssessment of celiac serologies. LDL-C values were calcu-
ated according to the Friedewald formula.18

tatistical Analysis
riglyceride values were log-transformed before analysis to
chieve a normal distribution. Data were analyzed by paired
test and multiple regression analysis.

ESULTS
n this retrospective study, the lipid values at diagnosis and
n the gluten-free diet were obtained for 132 patients; their
haracteristics are shown in Table 1. The lipid values are
hown in Table 2. There were significant increases in both

Table 1 Demographic Data on Patients

Number 132
Age (mean � SD) 44.4 � 16.6 y
Gender Female 66%

Male 34%
Duration of follow-up

(median)
20.5 mo

Presentation of celiac
disease

Classic (diarrhea) 39%

Atypical/silent 61%
Villous atrophy Partial 36%

Total 64%

SD � standard deviation.

Table 2 Effect of Gluten-free Diet on Lipid Values

Lipid Value At Diagnosis On

TC 169.2 � 35.3 18
HDL 45.8 � 13.3 5
LDL 109.7 � 26.6 11
LDL/HDL ratio 2.58 � 0.9 2
Triglycerides* 79 (57-120) 8

TC � total cholesterol; HDL � high-density lipoprotein; LDL � low-de

*All lipid values are expressed as milligrams/deciliter (mean � SD), except
C (19.6 � 30.2 mg/dL; P � .0001) and HDL-C (9.5 � 11.6
g/dL; P � .0001). The change in LDL-C of 4.6 � 22.4
g/dL was not significant (P � .06). The LDL/HDL ratio

ecreased by 0.36 � 0.7 (P � .0001). There was no change
n triglycerides. All of these patients were considered by a
hysician and dietitian to adhere strictly to a gluten-free
iet. Follow-up serologic tests revealed a persistent positive
issue transglutaminase antibody or endomysial antibody in
2 patients, although lower in titer. The lipid changes in the
ubjects with positive antibodies (TC change 18.4 � 30)
ere not different from subjects without positive antibodies

TC change 18.7 � 26).
We found gender differences in the changes in lipid

arameters (Table 3). Significant increases in TC and HDL
ere observed in both men and women, and both men and
omen demonstrated a significant reduction in the LDL/
DL ratio. Only men had increases in LDL (P � .02) and

riglycerides (P � .05). Figure 1 shows the changes in HDL
nd LDL by gender. The increase in HDL resulted in the
roportion of subjects who had clinically low levels of HDL
HDL � 40 mg/dL) to decrease; 32% and 21% of men had
DL greater than 40 mg/dL at diagnosis and while on the
iet, respectively, and 23% and 7% of women had HDL less
han 40 mg/dL before and after a gluten-free diet,
espectively.

Lipid changes are graphed against the respective initial
alues in Figure 2. The most prominent increases are seen
or those with initially low values. At higher initial values,
he increases are smaller. Higher TC levels (�200 mg/dL)
n patients did not further increase, and sometimes de-
reased; the regression lines cross zero at approximately

Change P Value

32.8 19.6 � 30.2 �.0001
13.6 9.5 � 11.6 �.0001
28.1 4.6 � 22.4 .06
0.8 �0.36 � 0.7 �.0001
18) �0.5 (�23-34) .47

poprotein; SD � standard deviation.

Table 3 Gender Differences in Changes in Lipid Parameters

Lipid Values Male P Value Female P Value

TC 27.5 � 28.6 �.0001 15.5 � 30.4 �.0001
HDL 10.1 � 9.6 �.0001 9.2 � 12.5 �.0001
LDL 9.1 � 20.7 .03 2.4 � 23.1 .4
Triglycerides* 8 (�22-48) .05 �8 (�23-15) .4
LDL/HDL

ratio
�0.43 � 0.7 .002 �0.33 � 0.8 .002

TC � total cholesterol; LDL � low-density lipoprotein; HDL � high-
density lipoprotein; SD � standard deviation.

*All lipid values are expressed as milligrams/deciliter (mean � SD),
except triglycerides as median (first quartile to third quartile).
Diet

8.8 �
5.1 �
4.5 �
.22 �
1 (63-1

nsity li

triglycerides as median (first quartile to third quartile).
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00 mg/dL for women and 230 mg/dL for men. Similarly,
hen one examines the individual changes in LDL levels,

he increases are smaller as initial levels increase, with the
ines crossing zero at approximately 120 mg/dL for women
nd 140 mg/dL for men.

Because the lipid changes demonstrated in Figure 2
re different for men and women and depend on initial
evels, we carried out a multiple regression analysis to
uantify the relationships and to explore any associations
ith other baseline characteristics. The associations that

eached statistical significance are shown in Table 4.
here was no association of the change in lipid values
ith the mode of clinical presentation. The change in

ach lipid value had a strong negative correlation with its
nitial value (P � .0005 or better), as expected from Fig-
re 1. Men showed a higher increase in TC (13.9 mg/dL,
� .004), LDL-C (13.2 mg/dL, P � .01), and triglycer-

des (0.2, or �22% higher, P � .03), corresponding to the
ifferent lines seen in Figure 2. There was no sex effect
n the change in HDL, consistent with Figure 2. Albumin
nd TVA were the only baseline characteristics to show
ssociations with lipid changes. A unit increase in base-
ine albumin predicted a smaller increase in TC (�13.9
g/dL, P � .005), HDL (�5 mg/dL, P � .04), and
DL-C (�12.3 mg/dL, P � .03). The presence of TVA

HDL Cholesterol

0

20

40

60

Men Women

m
g

/d
L pre

post

∆
** **

LDL Cholesterol

0

40

80

120

160

Men Women

m
g

/d
L pre

post

∆
*

igure 1 A. HDL cholesterol values before and after a gluten-
ree diet. The changes were significant in both men and women. B.
DL cholesterol values before and after a gluten-free diet. The
hange was significant in men, but not in women. *, P � .05, **,
� .000.
redicted an increase in HDL (4.2 mg/dL, P � .05) but a t
maller increase, or even a decrease, in LDL (�10.4
g/dL, P � .02).

ISCUSSION
oth low TC and low HDL levels are known features of
ctive celiac disease.6,8,10-12 Our study shows that a gluten-
ree diet results in a TC increase that is primarily the result
f a substantial increase in HDL-C in both men and women
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igure 2 Change in lipid values compared to the initial value
prior to treatment with a gluten-free diet) and regression lines. Tg,
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nd, to a lesser extent, the result of an increase in LDL-C in
en but not in women. In both men and women, the percent

ncrease in HDL-C is greater than that of LDL-C: 21%
ersus 4%. In addition, for both sexes, there is a significant
ecrease in the LDL/HDL ratio, indicating an improvement
n the cardiovascular risk profile. These findings should
llay potential concerns about an increase in cardiovascular
isk being a result of the dietary treatment of celiac disease
nd suggest that the increased recognition and treatment of
ubclinical disease will not have adverse effects on cardio-
ascular morbidity.

The greatest increase in both TC and HDL was in sub-
ects with the lowest initial values. Other associated factors
ere male gender and evidence of more severe intestinal
amage as manifested by low initial albumin level and TVA
ound on duodenal biopsies. The increase was not related to
hether the patients presented with diarrhea or had “silent”

eliac disease.1

The low HDL levels in celiac disease can be explained
y the intestine being a major source of both HDL and
po-A1, the main apo-protein of circulating HDL.13,14 In
ctive celiac disease intestinal apo-A1 synthesis is virtually
bsent.15 This would explain the more prominent increase in
erum HDL correlating with parameters of a more severe
roximal intestinal lesion. The multiple regression analysis
upports this, because TVA is associated with a greater
ncrease in HDL. Specifically, TVA was associated with an
dditional increase in HDL of 4.2 mg/dL and a decrease in
DL of 10.4 mg/dL. The latter means that the baseline
DL-C level at which the expected change in LDL is 0 is
pproximately 30 mg/dL lower than without TVA; thus, in
omen, any baseline LDL greater than 100 mg/dL can be

xpected to result in no increase and possibly a decrease in
DL. These findings suggest that adherence to gluten-free
iet will lead to a significant improvement in the cardiovas-
ular profile, especially for a patient with TVA.

Another mechanism that may contribute to the changes
e observed in the lipid profile is the increased absorption
f dietary saturated fat after the initiation of a gluten-free
iet and improvement in absorption. This may contribute to

Table 4 Multiple Regression Analysis Showing Different Facto

Total Cholesterol HDL Ch

R2 0.34 0.26
Intercept 141 41.5
Baseline level �0.40 �0.29

P � .0001 P � .0
Male gender 13.9

P � .004
Albumin level �13.9 �5.0

P � .005 P � .0
TVA 4.2

P � .0

HDL � high-density lipoprotein; LDL � low-density lipoprotein; TVA
oth increased LDL (by down-regulation of hepatic LDL w
eceptors) and increased HDL, because an increased content
f fat in the diet is associated with higher HDL levels. The
ariable response of the LDL level (Figure 2) may be a
anifestation of the difference in the quantity and type of

at in the diet of the individuals.
Our study demonstrates that the treatment of celiac dis-

ase with a gluten-free diet causes an increase in TC, which
ay contribute to an increased cardiovascular risk.16 How-

ver, the prominent effect was on HDL level. The HDL
evel has greater significance as a risk factor than TC17 and
s independent of LDL-C levels.18

A previous study suggested a beneficial survival effect of
reated celiac disease; there was a 40% reduction in ischemic
eart disease mortality among members of the Celiac Society
n England and Wales compared with the general population.19

owever, a population-based study from the United Kingdom
id not reveal a reduced rate of myocardial infarction when
ompared with the general population.20 Population-based
tudies provide valuable information about celiac disease that
s not available in studies from hospital-based series.20-23 How-
ver, we are not aware of the dietary compliance of those
dentified by diagnostic codes in population-based studies.
here is evidence of variable compliance to the gluten-free diet

n the United Kingdom.24-26 In our study, the individuals who
ere compliant with the gluten-free diet had a prominent

ncrease in HDL. The increase in HDL-C levels could be
rotective; studies have shown that the risk of coronary heart
isease decreases by 2% in men and 3% for women for each
mg/dL increase in HDL-C levels.27,28 In addition, we ob-

erved that 11% of men and 16% of women who had HDL
evels less than 40 mg/dL, a level considered to warrant ther-
peutic intervention,29 experienced an increase in HDL to
ore desirable levels (�40 mg/dL).
Celiac disease is associated with low HDL-C levels that

ncrease on a gluten-free diet. Although prospective studies
ould be required to demonstrate the effect of the gluten-

ree diet and whether this resulted in a decrease in cardio-
ascular risk, our findings should nonetheless mollify po-
ential concerns that dietary treatment of celiac disease

cting the Changes in Lipid Values (Slopes and P Values)

rol LDL Cholesterol Triglycerides (log)

0.24 0.34
97 0.47

�0.35 �0.005
P � .0001 P � .0001

13.2 0.20
P � .01 P � .03
�12.3
P � .03
�10.4
P � .02

villous atrophy.
rs Affe

oleste

005

4

5

� total
orsens cardiovascular risk.
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