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Postprandial lipoprotein metabolism is suggested to
play a role in the pathogenesis of atherosclerosis. In
this study, we investigated postprandial lipemia and
its relationship to cardiovascular risk factors in patients
with overt and subclinical hypothyroidism. Twenty-
nine female patients with TSH levels greater than
5 µIU/mL and 12 euthyroid control female subjects
were included in the study. Fifteen patients had sub-
clinical hypothyroidism and 14 had overt hypothy-
roidism. All subjects underwent an oral lipid tolerance
test. If triglyceride levels increased by 80% or more,
subjects were considered postprandial lipemia positive.
Control, overt hypothyroid, and subclinical hypothy-
roid groups were not statistically different with respect
to anthropometric measurements, fasting blood C-reac-
tive protein, uric acid, homocysteine, glucose, insulin,
lipoprotein (a), apolipoprotein B levels, and homeosta-
sis model assessment index. Fasting triglyceride levels
correlated positively with TSH levels. Postprandial lipe-
mia frequency was higher in overt hypothyroid sub-
jects than in the control group. The subclinical hypothy-
roid group did not differ from the hypothyroid group
with respect to postprandial lipemia frequency. In sub-
jects with TSH levels higher than 5 µIU/mL, PPL risk
was increased sevenfold. The results of this study show
that postprandial triglyceride metabolism is affected
in hypothyroidism.
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Introduction

It is well established that abnormalities of lipid metabo-
lism are very important factors in the development of athero-
sclerosis. Elevated serum total cholesterol and low-density

lipoprotein cholesterol (LDL-C), and decreased serum con-
centrations of high-density lipoprotein cholesterol (HDL-
C) are of great significance in coronary artery disease (1,2).
Elevated serum triglyceride was also considered a risk fac-
tor for coronary heart disease in several studies (3–5). It has
long been thought that atherosclerosis is strongly associ-
ated with nutritional intake and postprandial lipemia (PPL)
(6,7). Research on these connections has suggested that
alterations in postprandial lipid metabolism, particularly the
number, size, and density of particles containing triglycer-
ide-rich lipids, may lead to atherosclerosis (8,9).

Patients with overt or subclinical hypothyroidism typi-
cally show abnormal fasting lipid and lipoprotein levels,
and these disturbances are reversed by L-thyroxine therapy
(10–14). However, to our knowledge no study to date has
investigated postprandial lipid metabolism in the setting of
hypothyroidism. Our aims were to assess the prevalence of
PPL after a standardized fat-containing mixed test meal in
patients with overt and subclinical hypothyroidism, and to
investigate possible relationships between PPL and other
cardiovascular risk factors in this patient group.

Results
As noted, the study included a total of 29 patients with

hypothyroidism (15 in the subclinical group and 14 in the
overt group) and 11 control subjects. There were no signifi-
cant differences among the three groups with respect to
mean age, height, weight, BMI, waist circumference, hip
circumference, or waist/hip (WHR) ratio (Table 1). There
were also no statistical differences among the groups with
respect to fasting levels of total cholesterol, LDL-C, HDL-
C, VLDL-C, and triglyceride (Table 1). However, as TSH
levels increased, a parallel nonsignificant increase was noted
in fasting triglyceride levels. In the correlation analysis, a
positive correlation between TSH values and fasting trig-
lyceride values was observed, and this result was found to
be statistically significant (Fig. 1).

Comparisons of groups for other cardiovascular risk
factors, fasting blood glucose, insulin, homeostasis model
index (HOMA) index, C-reactive protein (CRP), uric acid,
homocysteine, lipoprotein (a), and lipoprotein B, revealed
no sig-nificant differences (Table 2).
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Figure 2 shows the postprandial serum triglyceride con-
centrations (0, 2, 4, 6, and 8 h) after oral lipid loading. As
expected, all three groups showed a significant postpran-
dial rise in serum triglycerides above baseline. In the control
group and the subclinical hypothyroidism group, triglycer-
ide levels peaked at 4 h. However, in the overt hypothyroid-
ism group, triglyceride levels continued to rise and reached
a maximum at the 6-h time point. Curves indicating the
changes in serum triglyceride levels in the three groups
during the oral lipid-loading test were similar, as shown in
Fig. 2 (with repeated measure one-way ANOVA, f = 1.318;
p = 0.283).

To compare the triglyceride increases after oral lipid load-
ing in the three groups, we calculated the area under curve
(AUC) for the triglyceride using the trapezoidal method.
Although a tendency to increase was observed in subclini-
cal hypothyroidism and overt hypothyroidism groups com-
pared to controls, no statistical difference was determined
among the 3 groups (Fig. 3).

As detailed above, if an individual’s triglyceride level at
4 or 6 h after lipid loading was increased (above baseline)
by 80% or more, the subject was considered to have PPL.

Table 1
Clinical, Demographic, and Anthropometric Features of the Participants at Baseline Evaluation

Control Subclinical Overt
(n = 11) (n = 15) (n = 14) p

Age (yr) 54.6 ± 6.2 52.2 ± 6.9 58.2 ± 7.0 NS
Height (cm) 155 ± 5 157 ± 4 158 ± 7 NS
Weight (kg) 76 ± 18 77 ± 12 72 ± 13 NS
BMI (kg/m2) 31.5 ± 6.8 31.2 ± 5.2 28.6 ± 3.9 NS
Waist (cm) 91 ± 12 92 ± 12 92 ± 13 NS
Hip (cm) 114 ± 15 114 ± 9 106 ± 10 NS
WHR 0.80 ± 0.06 0.81 ± 0.08 0.87 ± 0.08 NS
T3 (ng/mL) 1.06 ± 0.20 1.06 ± 0.25 0.90 ± 0.32 NS
T4 (µg/dL) 8.74 ± 1.71 6.34 ± 1.09 4.80 ± 1.99 0.001
TSH (µIU/mL) 1.96 ± 0.99 6.87 ± 1.52 28.11 ± 24.06 0.001
Total cholesterol (mg/dL) 226 ± 31 222 ± 40 245 ± 53 NS
LDL-C (mg/dL) 133 ± 33 134 ± 38 152 ± 39 NS
HDL-C (mg/dL) 66 ± 22 57 ± 14 56 ± 14 NS
VLDL-C (mg/dL) 28 ± 9 31 ± 8 37 ± 22 NS
Triglyceride (mg/dL) 109 ± 43 146 ± 46 169 ± 97 NS

Mean value ± standard deviation. BMI, body mass index; WHR, waist/hip ratio; NS, not signif-
icant; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;
VLDL-C, very low-density lipoprotein cholesterol.

Fig. 1. Relationship between TSH and fasting triglyceride using
data from all participants.

Table 2
Other Cardiovascular Risk Factors

Measured in Participants at Baseline

Control Subclinical Overt
(n = 11) (n = 15) (n = 14) p

FBG (mg/dL) 86 ± 15 84 ± 16 85 ± 8 NS
Insulin (µIU/mL) 7.8 ± 4.4 10.6 ± 5.5 9.7 ± 3.8 NS
HOMA-IR 1.7 ± 1.1 2.2 ± 1.2 2.0 ± 0.8 NS
CRP (mg/L) 3.2 ± 3.8 5.8 ± 3.6 5.4 ± 3.8 NS
Uric acid (mg/dL) 4.2 ± 1.2 5.0 ± 0.9 4.9 ± 1.1 NS
Homocysteine 11.6 ± 2.0 11.9 ± 1.9 13.6 ± 5.3 NS

(µmol/L)
Lipoprotein (a) 45.5 ± 32.3 39.8 ± 33.9 25.2 ± 23.1 NS

(mg/dL)
Apoprotein B 98.6 ± 23.7 101.3 ± 24.9 112.2 ± 29.1 NS

(mg/dL)

Mean value ± standard deviation. NS, not significant; FBG,
fasting blood glucose; HOMA-IR, homeostasis model assessment–
insulin resistance; CRP, C-reactive protein.
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PPL was noted in 11 patients with overt hypothyroidism
(79%), 10 patients with subclinical hypothyroidism (67%),
and 3 of the controls (27%). The incidence rates of PPL
were not significantly different between patients with overt
hypothyroidism and patients with subclinical hypothyroid-
ism, both of which were higher than the rate in the healthy
controls (p < 0.05). When data for the subclinical and overt
hypothyroidism groups were combined, risk analysis indi-
cated that patients with above-normal TSH levels (> 5 µIU/
mL) had sevenfold higher risk of developing PPL than
those in the normal range (p = 0.009).

When the 29 patients were grouped according to under-
lying thyroid disorder (Hashimoto’s disease vs all others),
there were no statistical differences between these two groups
with respect to incidence of PPL after lipid loading.

The subjects who developed PPL had a significantly
higher mean fasting triglyceride level than those who did
not (164 ± 79 vs 113 ± 40 mg/dL, respectively; p = 0.022).
The group that developed PPL also had a higher mean TSH
level (p = 0.041). Free T3, TSH, and fasting triglyceride
level were entered into the simple logistic regression model,
and fasting triglyceride was identified as the only indepen-
dent risk factor for PPL (p = 0.017).

Discussion

Substantial evidence suggests that hypothyroidism is asso-
ciated with increased cardiovascular morbidity and mor-
tality (15,16). Coronary artery disease is more common in
patients with overt hypothyroid, which warrants L-thyrox-
ine replacement (10,17). However, the need to treat subclin-
ical hypothyroidism has been discussed for years. The main
concern with not treating this condition might be associated
with an atherogenic lipid profile, a hypercoagulable state,
a subtle cardiac defect with mainly diastolic dysfunction,
impaired vascular function, and reduced submaximal exer-
cise capacity (15). In patients with overt hypothyroidism,
it is well known that increased plasma homocysteine, in-
creased serum CRP, and abnormalities of lipoprotein metab-
olism can increase cardiovascular risk (11–14,18–20). How-
ever, relationships between subclinical hypothyroidism and
cardiovascular risk factors such as homocysteine and CRP
levels are still under debate. The present study compared
healthy individuals with subclinical and overt hypothyroid-
ism patients with respect to homocysteine and CRP levels,
but we could not determine any significant differences.

Although overt hypothyroidism has been shown to be
associated with dyslipidemia, a less-recognized relationship
also exists with subclinical hypothyroidism. Studies have

Fig. 2. Curves indicating the changes in serum triglyceride levels in the 3 groups during the oral lipid-loading test were similar (With
repeated measure one way ANOVA, F = 1.318; p = 0.283).

Fig. 3. Comparison of area under curve for the groups’ triglycer-
ide levels during the oral lipid-loading test. There was a trend
towards higher AUC values from controls to subclinical hypothy-
roidism to overt hypothyroidism, but there were no significant
differences among the 3 groups (p = 0.271). AUC, area under
curve.
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shown that both overt and subclinical hypothyroid patients
can exhibit elevated serum levels of total cholesterol, LDL-
C, triglyceride, intermediate-density lipoprotein cholesterol,
apoprotein A-1, and apoprotein B concentrations (10–14,21,
22). We could not determine any differences in total choles-
terol, LDL-C, HDL-C, VLDL-C, and triglyceride measure-
ments of the patients with subclinical and overt hypothy-
roidism compared to the control group when the baseline
measurements were considered. Likewise, we could not find
any statistical differences between the groups in terms of
lipoprotein(a) and apolipoprotein B measurements. One
explanation for this discrepancy might be related to the small
population size in our study.

A recent meta-analysis of 17 prospective studies reported
that a 1 mmol/L increase in fasting plasma triglyceride lev-
els caused a 30% increase in cardiovascular disease (CVD)
risk in men and a 75% increase in women (23). Those find-
ings are consistent with the results of the Copenhagen Male
Study, which involved 8 yr of observation and concluded
that elevated baseline triglyceride level is associated with
increased risk of CVD (5).

Twenty years ago, Zilversmit described atherosclerosis
as a postprandial phenomenon and suggested a possible
connection between triglyceride-rich lipoprotein metabo-
lism disorders and CVD (6). Since then, the importance of
triglyceride-rich lipoprotein metabolism as a cardiovascu-
lar risk factor has become widely recognized (7–9). PPL
has been defined as a physiological transient alteration,
lasting 6–12 h, in lipoprotein metabolism after a fatty meal.
Fasting plasma triglyceride concentration has long been
known to predict the severity and duration of PPL (24).
Postprandial dyslipidemia results when there is overpro-
duction of intestinal and/or hepatic triglyceride-rich lipo-
proteins combined with decreased clearance of these lipo-
proteins (7). The speed of increase of serum triglycerides
following fat intake depends on gastric emptying, intesti-
nal absorption, production and excretion of chylomicrons,
lipoprotein metabolism, and hepatic clearance of chylomi-
cron remnants. However, studies also show the significant
contribution of hepatic VLDL triglycerides to the develop-
ment of late responses. These investigations have demon-
strated that elevated triglyceride levels in the postprandial
period do not necessarily originate entirely from the intes-
tine (7,25,26).

The present study analyzed participants’ triglyceride lev-
els in the fasting state and every 2 h after oral lipid loading.
The healthy individuals and those with subclinical hypothy-
roidism reached maximum serum triglyceride concentra-
tion at 4 h. In contrast, the triglyceride levels in the patients
with overt hypothyroidism peaked at 6 h and remained
elevated longer than in the other groups. The literature sug-
gests that this difference may be associated with prolonged
gastric emptying, increased intestinal absorption, increased
production and excretion of chylomicrons, decreased lipo-
protein activity, or decreased hepatic clearance of triglyc-

erides in the setting of overt hypothyroidism (25,26). Our
study did not identify which one of these factors was the
main defect; however, the analysis did indicate that patients
with TSH levels exceeding 5 µIU/mL have a sevenfold
higher incidence of PPL. The high risk for PPL in this group
suggests that these individuals need to start L-thyroxine
replacement as early as possible. One study has shown that
L-thyroxine enhanced the clearance of chylomicron rem-
nants in patients with hypothyroidism (27).

In conclusion, the data from this study show that post-
prandial triglyceride metabolism is disturbed in overt and
subclinical hypothyroidism, and that PPL may be another
risk factor for coronary artery disease in these patient groups.

Material and Methods

Selection of Subjects

This cross-sectional cohort study was conducted at a thy-
roid outpatient clinic. The Baskent University Ethics Com-
mittee for Human Studies approved the study protocol and
informed consent was obtained from all participants. The
target groups for the study were female patients with un-
treated subclinical (n = 15) and overt hypothyroidism (n =
14). The control group (n = 11) consisted of healthy asymp-
tomatic female individuals who were matched for age and
body mass index (BMI), and who had normal serum levels
of thyroid-stimulating hormone (TSH) and anti-thyroglo-
bulin and anti-thyroid peroxidase antibodies.

The underlying thyroid disorders in the patient cases were
Hashimoto’s thyroiditis (n = 21), Graves’ disease treated
with radioiodine (n = 2), and hypothyroidism after thy-
roidectomy (n = 6). The exclusion criteria were pregnancy
or lactation; hepatic or renal dysfunction; history of heart
failure; diabetes mellitus; stroke or ischemic heart disease;
significant neurological or psychological disease such as
depression, epilepsy, or schizophrenia; malignancy; and
alcohol or drug abuse. Patients were also excluded if they
had been on any special lipid-lowering diet or used any
medication that might affect study parameters within the 6
mo prior to the study. Such drugs included thyroid hormone
preparations, lipid-lowering agents, anti-thyroid medica-
tions, amiodarone, multivitamins, oral contraceptives, anti-
depressants, anti-serotonergics, oral corticosteroids, anti-
folates, and anti-convulsant agents.

All patients and controls underwent an initial screening
assessment that included collection of medical history and
a physical examination. Each subject was then asked to re-
visit the clinic on a day that suited them for an oral lipid-
loading test after a 12-h fast.

Anthropometric Measurements

Before the oral lipid-loading test, subjects’ height, weight,
and waist and hip measurements were recorded by the same
doctor. Waist circumference was measured with a folding
tape at the natural waistline (the level of the umbilicus) in
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a horizontal plane. Hip circumference was measured as the
diameter at the level of the greater trochanters in a horizon-
tal plane. BMI was calculated by dividing body weight in
kilograms by the square of height in meters.

Laboratory Investigations
and Oral Lipid-Loading Protocol

All venous blood samples were collected from the ante-
cubital vein via a small indwelling intravenous catheter. Each
subject’s first sample (“zero time” prior to the lipid loading
test meal) was drawn between 8:00 a.m. and 9:00 a.m. after
a minimum 12-h fast. Then the test meal was consumed (see
below) and blood samples for triglyceride were obtained
every 2 h for a total of 8 h.

The parameters measured in fasting serum sample were
glucose, insulin, CRP, uric acid, anti-thyroglobulin anti-
bodies, anti-thyroid peroxidase antibodies, total cholesterol,
HDL-C, LDL-C, triglycerides, homocysteine, lipoprotein(a),
and apolipoprotein B. Serum glucose was measured using
the glucose oxidase technique (Roche Diagnostics GmbH,
Mannheim, Germany). Insulin levels were measured by mic-
roparticle enzyme immunoassay (Abbott, Weisbaden-Del-
kenheim, Germany). Total cholesterol, HDL-C, and trigly-
ceride concentrations were measured by enzymatic assay
(Boehringer-Mannheim, Mannheim, Germany). LDL-C
and VLDL-C was calculated using the Friedewald formula
(LDL-C = total cholesterol − (HDL-C + triglyceride/5). CRP
and apolipoprotein B were analyzed by the immunoturbidi-
metric method (Boehringer-Mannheim). Levels of free T3,
free T4, TSH, anti-thyroglobulin antibodies, and anti-thy-
roid peroxidase antibodies were determined using immuno-
metric assays (Diagnostic Products Corporation, Los Angeles,
CA, USA). Each subject’s level of insulin resistance was
estimated based on the HOMA index, which was calculated
as follows:

(Fasting Insulin [µU/mL] − Fasting Glucose [mmol/L]) ÷ 22.5.

Test Meal

The test meal (breakfast) was prepared in our hospital’s
Nutrition and Dietetic section such that it would provide a
total of 800 kcal, comprising 62% fat, 26% carbohydrates,
and 12% protein. The content was as follows: one glass
whole/homogenized milk containing an additional 30 g milk
powder; 10 g walnuts; 20 g butter; 50 g cream cheese; two
thin slices of white bread.

Postprandial Lipemia

Subjects who showed an 80% or greater rise in triglyc-
eride (compared to baseline) at 4 or 6 h after lipid loading
were considered PPL positive (28).

Statistical Methods

All continuous data were expressed as mean ± SD. Data
were analyzed using the Statistical Package for the Social

Sciences (SPSS for Windows version 11.0; SPSS Inc.,
Chicago, IL, USA). The Kolmogorov–Smirnov test was ap-
plied to assess for normal distribution. The area under the
curve representing the triglyceride measurements obtained
every 2 h was calculated using the trapezoidal method. One-
way ANOVA testing was used to compare means for the
three groups’ (overt hypothyroid, subclinical hypothyroid,
controls) normally distributed parameters. The Kruskal–
Wallis H test was used for parameters that did not show nor-
mal distribution. Repeated measurements of the ANOVA
F test were used to assess triglyceride changes in each group
after oral lipid loading. Frequency analyses were done using
chi-square and Bonferroni multiple comparison tests with
the aid of cross-tables. Subclinical and overt hypothyroid-
ism groups were merged to calculate relative risk for PPL.
Correlation analysis was assessed with the Pearson or Spear-
man correlation analysis. Paired t tests were used to assess
parameter changes that occurred between groups. A simple
logistical regression model was used to identify indepen-
dent risk factors for development of PPL. p values < 0.05
were considered statistically significant.

References

1. Kreisberg, R. A. and Oberman, A. (2002). J. Clin. Endocrinol.
Metab. 87, 423–437.

2. Stone, N. J., Bilek, S., and Rosenbaum, S. (2005). Am. J. Car-
diol. 96, 53E–59E.

3. Hokanson, J. E. and Austin, M. A. (1996). J. Cardiovasc. Risk
3, 213–219.

4. Manninen, V., Tenkanen, L., Koskinen, P., et al. (1992). Circu-
lation 85, 37–45.

5. Jeppesen, J., Hein, H. O., Suadicani, P., and Gyntelberg, F.
(1998). Circulation 97, 1029–1036.

6. Zilversmit, D. B. (1979). Circulation 60, 473–485.
7. Cohn, J. S., McNamara, J. R., Krasinski, S. D., Russell, R. M.,

and Schaefer, E. J. (1989). Metabolism 38, 484–490.
8. Nicholls, S. and Lundman, P. (2004). Semin. Vasc. Med. 4,

187–195.
9. Vigna, G. B., Delli Gatti, C., and Fellin, R. (2004). Nutr. Metab.

Cardiovasc. Dis. 14, 121–127.
10. Cappola, A. R. and Ladenson, P. W. (2003). J. Clin. Endocrinol.

Metab. 88, 2438–2444.
11. Duntas, L. H. (2002). Thyroid 12, 287–293.
12. Martinez-Triguero, M. L., Hernandez-Mijares, A., Nguyen,

T. T., et al. (1998). Mayo Clin. Proc. 73, 837–841.
13. Danese, M. D., Ladenson, P. W., Meinert, C. L., and Powe,

N. R. (2000). J. Clin. Endocrinol. Metab. 85, 2993–3001.
14. Caraccio, N., Ferrannini, E., and Monzani, F. (2002). J. Clin.

Endocrinol. Metab. 87, 1533–1538.
15. Palmieri, E. A., Fazio, S., Lombardi, G., and Biondi, B. (2004).

Treat. Endocrinol. 3, 233–244.
16. Ladenson, P. W. (1990). Am. J. Med. 88, 638–641.
17. Steinberg, A. D. (1968). Ann. Intern. Med. 68, 338–344.
18. Nedrebo, B. G., Ericsson, U. B., Nygard, O., et al. (1998).

Metabolism 47, 89–93.
19. Ozcan, O., Cakir, E., Yaman, H., et al. (2005). Clin. Endocrinol.

63, 203–206.
20. Hueston, W. J., King, D. E., and Geesey, M. E. (2005). Clin.

Endocrinol. 63, 582–587.
21. Lithell, H., Boberg, J., Hellsing, K., et al. (1981). European

Eur. J. Clin. Invest. 11, 3–10.



Postprandial Lipemia in Hypothyroidism / Tanaci et al.456 Endocrine

22. de Bruin, T. W., van Barlingen, H., van Linde-Sibenius, Trip,
M., et al. (1993). J. Clin. Endocrinol. Metab. 76, 121–126.

23. Hokanson, J. E. and Austin, M. A. (1996). J. Cardiovasc. Risk
3, 213–219.

24. Netsel, P. J. (1964). J. Clin. Invest. 43, 943–949.
25. Cohn, J. S., McNamara, J. R., and Schaefer, E. J. (1988). Clin.

Chem. 34, 2456–2459.

26. Cohn, J. S., Johnson, E. J., Millar, J. S., et al. (1993). J. Lipid.
Res. 34, 2033–2040.

27. Weintraub, M., Grosskopf, I., Trostanesky, Y., Charach, G.,
Rubinstein, A., and Stern, N. (1999). J. Clin. Endocrinol.
Metab. 84, 2532–2536.

28. Karamanos, B. G., Thanopoulou, A. C., and Roussi-Penesi,
D. P. (2001). Diabet. Med. 18, 32–39.


