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Abstract.  High vitamin A ingestion or high serum retinol have been postulated 
to increase the risk of fractures and osteoporosis by reduced bone mineral density 
(BMD). Retinol is carried and transported to the tissues bound to retinol binding 
protein 4 (RBP4) and transthyretin (TTR). The relationships between retinol, retinol 
transport protein, retinol binding protein 4 (RBP4) and transthyretin (TTR) and 
BMD and osteoporosis are unclear. To examine the association between retinol 
and RBP4 and TTR and osteoporosis, 73 osteoporotic and 71 normal Thai post-
menopausal women were studied. RBP4 and retinol levels did not differ between 
the groups.  Serum TTR was significantly higher in control than osteoporotic 
subjects (89.47 and 144.53 µg/ml, respectively, p=0.003, Mann-Whitney U test). 
TTR was positively correlated with BMD at several sites, such as the total radius 
bone (r=0.172, p=0.008, Spearman rank test). Osteoporosis risk was analyzed with 
binary logistic regression. Lean elderly Thais with lower TTR levels had a higher 
risk of osteoporosis. RBP4 and retinol levels had no relationship with disease status 
among Thai post-menopausal women. These results suggest calcium, minerals, 
vitamins and the retinol transport protein, transthyretin may be involved in the 
pathogenesis of osteoporosis.
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INTRODUCTION

The association between vitamin A 
and osteoporosis is controversial. Some  
studies have shown high vitamin A intake 
or high serum retinol may increase the risk 
for fractures and susceptibility to osteo-
porosis by reducing bone mineral density 
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(BMD) (Michaëlsson et al, 2003; Maggio 
et al, 2006; Caire-Juvera et al, 2009). Some 
studies have shown  no association be-
tween vitamin A intake and risk for  hip or 
other fractures in postmenopausal women 
(Caire-Juvera et al, 2009) and among both 
sexes with age-matched controls (Vester-
gaard et al, 2010). 

In the circulation, retinol is trans-
ported to target tissues by retinol binding 
protein 4 (RBP4). This protein is secreted 
by the liver and adipocytes and has been 
reported as a new adipokine, playing a role 
in insulin resistance among obese subjects 
(Frey et al, 2009). A previous study found 
a negative association between retinol and 
RBP4 and bone formation markers such as 
osteocalcin, but not with BMD (Högström 
et al, 2008). RBP 4 levels have been found 
to be lower in osteoporotic elderly subjects 
(Rico et al, 1995). 

To prevent loss of RBP4 and retinol 
in the kidneys due to its low molecular 
weight (approximately 21 kDa), it is com-
bined with a more complex 55 kDa  protein 
called  transthyretin (TTR), or previously 
called prealbumin (Zanotti and Berni, 
2004).  This protein transports thyroxin and 
is a malnutrition marker (Ingenbleek and 
Young, 1994). TTR has a significant correla-
tion with osteoporosis in the elderly (Rico 
et al, 1995) and in post-menopausal women 
subjects (Rico et al, 1993). However, the as-
sociation between retinol, retinol binding 
protein and transthyretin and osteoporosis   
is unclear. The aim of the present study was 
to examine the relationships between reti-
nol, RBP4, TTR, and bone mineral density 
among Thai post-menopausal women with 
and without osteoporosis. 

MATERIALS AND METHODS

Subjects
Thai post-menopausal women who 

attended the menopause  post-operation 
follow-up clinic, at the Department of 
Obstetrics and Gynecology, Ramathibodi 
Hospital, Bangkok, for a physical examina-
tion and bone scan (DEXA) were recruited. 
Seventy-three osteoporotic and 71 normal 
women age >50 years were included in the 
study. They were classified by T-score for 
BMD in the lumbar spine, hips or radius 
using dual-energy X-ray absorptiometry 
(DEXA) (Lunar Prodigy, New York, NY). 
Women who had a T-score ≤ -2.5 SD below 
normal were regarded as osteoporotic. A 
T-score ≥ -1.0 SD were considered normal 
(WHO, 2003). All subjects gave informed 
consent prior to participation in the study. 
Exclusion criteria was the presence of a 
disease known to affect bone metabolism. 
A physical examination was conducted by 
a medical doctor in the study. The study 
protocol was approved by the Ethics Com-
mittee of the Faculty of Tropical Medicine 
and of Faculty of Medicine at Ramathibodi 
Hospital, Mahidol University, Bangkok, 
Thailand.
Biochemical measurements

The serum concentrations of RBP4 
and TTR were quantified by non-com-
mercial enzyme-linked immunosorbent 
assays (ELISA) (Raila et al, 2007).  Serum 
vitamin A (retinol) was measured by a 
reverse-phase high performance liquid 
chromatography (RP-HPLC) as described 
previously (Schweigert et al, 2003).
Data analysis

Median, range and 95% confidence 
intervals for the median were calculated. 
The Mann-Whitney U test was used 
to evaluate differences in proportions 
between osteoporotic and control sub-
jects. The Spearman rank test was used 
for correlation analysis. Binary logistic 
regression was used to evaluate the risk 
for osteoporosis of the combined factors.  
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A p-value <0.05 was considered statisti-
cally significant. All analyses were carried 
out using the software program SPSS 11.0 
for Windows (SPSS, Chicago, IL) and 
MINITAB.

RESULTS

Anthropometric data for the osteo-
porosis and control subjects is shown in  
Table 1. The median serum calcium level 
was significantly lower among osteopo-
rotic subjects (Table 2). The HDL-cho-
lesterol level was slightly lower among 
osteoporotic subjects but the difference 
was not statistically significant. The other 

biochemical data did not differ between 
the subject groups.

The median serum TTR level was 
significantly higher among control sub-
jects (89.47 and 144.53 µg/ml, p = 0.003). 
The RBP4 and retinol levels were slightly 
different between the groups, but the 
difference was not significant (Table 3). 
Serum TTR were positively correlated 
with BMD in the total radius (r = 0.172, 
p = 0.008, Spearman rank test) (Fig 1). 
The RBP4 and retinol levels had no cor-
relation with the BMD. Osteoporosis risk 
was analyzed by binary logistic regression 
(Table 4). Elderly with a lower BMI and 

 Osteoporosis value (95%CI) Control value (95%CI)

Age (years) 62.00  (60.00-63.00) 53.00  (52.00-54.00)
BMI (kg/m2) 21.38  (20.83-22.01) 25.01  (23.73-26.20)
Waist hip ratio 0.81  (0.79-0.82) 0.82 (0.81-0.84)
Total body BMD (g/cm2) 1.011  (0.990-1.022) 1.184  (1.154-1.225)
L1-4 BMD (g/cm2) 0.896  (0.861-0.926) 1.246  (1.178-1.271)
Total radius BMD (g/cm2) 0.413  (0.413-0.431) 0.541  (0.533-0.562)
Total hip BMD (g/cm2) 0.791  (0.772-0.820) 1.050  (0.993-1.081)
Femoral neck (g/cm2) 0.724  (0.706-0.745) 0.915  (0.872-1.013)

Table 1
Characteristics of controls and osteoporotic subjects. 

95% CI,  95% confidence interval for the median.

Biochemical data (mg/dl)     p-value
 Median 95% CI Median 95% CI
 
Albumin  45.0 44.2 - 45.8 44.8 44.3 - 44.5 NS
Calcium  9.2 9.2 - 9.3 9.4 9.3 - 9.5 0.041
Glucose  92.0 88.0 - 94.0 91.0 90.0 - 96.0 NS
Triglycerides  87.0 81.0 - 97.6 86.5 75.15 - 104.43 NS
Total cholesterol  229.0 209.0 - 234.0 211.5 200.7 - 222.0 NS
HDL-cholesterol  59.0 52.0 - 63.0 54.0 49.6 - 58.4 NS
LDL-cholesterol  140.0 126.4 -155.2 133.0 124.9 - 152.2 NS

Table 2
Biochemical data in osteoporotic and control subjects.

95% CI, 95% confidence interval for the median; p <0.05 was considered statistically significant.

Osteoporotic subjects  Control subjects
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a TTR level showing mild-malnutrition 
(<140 µg/ml) had an increased risk of 
osteoporosis (odds ratio for TTR: 0.119,  
p = 0.005). RBP4 and retinol levels were not 
correlated with osteoporosis among Thai 
post-menopausal women.

DISCUSSION

Osteoporosis is a metabolic disease 
of the bones affecting many millions of 
people worldwide. It is characterized by 
low BMD, an imbalance of bone tissue, 
increased bone fragility and an elavated 
fracture risk (Prentice, 2004). Osteoporosis 
can be diagnosed by determining BMD 

(Lane, 2006). Nutritional deficiencies are 
important factors in the development of 
osteoporosis (Rizzoli et al, 2001); however, 
the link between osteoporosis and vitamin 
A and its transport protein is unclear. 
Therefore, the present study investigated 
the association between RBP4 and trans-
thyretin and BMD in osteoporotic Thai 
post-menopausal women. 

TTR is an indirect retinol carrier be-
cause it is bound to RBP4 (Ingenbleek and 
Young, 1994). Alteration in protein and 
calorie intake can be assessed by measur-
ing TTR in the blood (Spiekerman, 1993). 
In contrast to serum albumin, the half-life 
of transthyretin is relatively short, only 2-3 

Table 3
Retinol binding protein 4 (RBP4), transthyretin  (TTR), and retinol levels in 

osteoporotic and control subjects.

Variables B SE Wald  df Odds  95%CI p -value
     ratio of  odds ratio

RBP4 (>42 µg/ml) -0.256 0.743 0.119 1 0.774 0.180 - 3.320 NS
TTR (>140 µg/ml) -2.128 0.759 7.854 1 0.119 0.027 - 0.527 0.005
Retinol (µg/ml) 0.494 0.676 0.533 1 0.774 0.180 - 3.320 NS
Calcium (mg/dl) -1.417 0.826 2.941 1 0.243 0.048 - 1.224 NS
Age (years) -0.256 0.743 0.119 1 1.357 1.182 - 1.559 <0.000
BMI (kg/m2) -0.418 0.122 11.759 1 0.658 0.518 - 0.836 0.001

Table 4 
Logistic regression analysis of osteoporosis risk when osteoporotic cutoff was used 

as a dependent variable, and RBP4, TTR, retinol, calcium, BMI, and age were 
independent variables.

Biochemical data (µg/dl)     p-value
 Median 95% CI Median 95% CI
 
RBP4  41.97 38.06 - 44.28 40.12 37.35 - 43.58 NS
TTR  89.47 79.79 - 100.58 144.53 106.21 - 171.87 0.003
Retinol  0.46 0.440 - 0.500 0.47 0.444 - 0.499 NS

Osteoporotic subjects  Control subjects

p <0.05 was considered statistically significant. 

B,  regression coefficient for each predictor variable in the model.
SE, standard error of mean.
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days.  It may be a more sensitive indicator 
of nutritional status than serum albumin 
(Mittman et al, 2001). 

In this study, we found significantly 
lower TTR levels in osteoporotic women 
than in control subjects, which corre-
sponds to previous studies (Rico et al, 
1993, 1995). A positive correlation was 
seen between TTR levels and radius total 
BMD. Besides calcium, minerals, and 
vitamins (Rico et al, 1995). TTR protein 
is a nutritional protein marker and may 
be associated with osteoporosis. TTR is a 
marker for protein loss frequently found 
in renal disease. Retinol concentration 
was not associated with BMD at any site, 
similar to a previous study (Högström et al, 
2008). These results are in contrast with 
those of Maggio et al (2006) who found 
retinol was lower in osteoporotic subjects 
than controls. Several studies reported 
lowers levels of retinol were a risk factor 
for fracture (Michaëlsson, 1999, 2003).

RBP4 levels were the same in osteo-
porotic and control subjects and were not 
correlated with BMD, similar to other 
studies (Ballew et al, 2001; Hogstrom et al, 

2008). However, RBP4 and TTR levels had 
a positive association with retinol. Logistic 
regression analysis showed elderly sub-
jects with a low BMI and low TTR level, 
were an increased risk for osteoporosis, 
but retinol and RBP4 were not associated 
(Ersoy et al, 2006; Caire-Juvera et al, 2009). 
Serum calcium levels differed between the 
subject groups, but this result disappeared 
when age and BMI were included in the 
calculation. 

Age had a negative correlation with 
TTR level (data not showed), similar to 
previous studies (Rico et al, 1995, Rambod 
et al, 2008), suggesting aging is associated 
with increased risk for a poor diet. This is 
an important factor in the development 
of osteoporosis. Further studies should 
include markers for bone metabolism to 
determine their relationship with TTR, 
RBP4 and retinol in osteoporosis. 

In conclusion, this study showed 
lower TTR, BMI and serum calcium in 
osteoporotic patients than controls. Mal-
nutrition is a risk factor for osteoporosis 
and TTR may be a marker for osteoporosis. 
RBP4 and retinol had no association with 
BMD in Thai post-menopausal women.
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Fig 1–Correlation between TTR level (µg/ml) 
and radius BMD (g/cm2).
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