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The elevation of undercarboxylated osteocalcin (ucOC) means vitamin K insufficiency is signifi-

cantly increased in elderly women, and is associated with high skeletal turnover, low BMD, and increased risk

of osteoporotic fracture. The objective of the present  study was to find out the level of ucOC and the prevalence

of vitamin K deficiency in  elderly Thai women.

The upper limit of normal premenopausal ucOC level was 2.314 ng/ml, represented the cut-off level

for vitamin K deficiency, 39.1% of elderly women had serum ucOC concentration above this level. Women

with high serum ucOC level had a significantly lower BMD of ultradistal radius, distal 1/3 of radius and

25(OH)D level, higher serum PTH and alkaline phosphatase activity than women with a normal ucOC (p<0.05).

Serum ucOC was correlated positively with PTH (r = 0.411, p<0.001), modest negatively with serum 25(OH)D

(r = -0.17, p=0.013). The ucOC level of urbanized elderly was higher than that of  rural elderly.

It was concluded that vitamin K deficiency is one of the risks of osteoporosis with high prevalence in

the Thai elderly especially urbanized ones, the supplement of vitamin K should be recommended in Thai

osteoporotic patients especially the urbanized elderly.
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The vitamin K cycle, established initially in

relation to blood clotting, is now known to have a simi-

lar function in the transformation of bone peptides,

including osteocalcin and matrix Gla-protein, convert-

ing glutamate residues in these peptides (undercar-

boxylated osteocalcin) into g-carboxy-glutamate (car-

boxylated osteocalcin)(1-3). Many studies(4-7) showed

that the undercarboxylated fraction of circulating

osteocalcin (ucOC), i.e., the fraction of osteocalcin

which does not bind to hydroxyapatite, is significantly

increased in elderly women, suggesting an age-depen-

dent impairment of the g-carboxylation of osteocalcin.

The elevated concentrations of undercarboxylated

osteocalcin implied the insufficiency of vitamin K in

the elderly women, and was associated with high

skeletal turnover(7), low BMD(4), and increased risk of

osteoporotic fracture(6, 7). These observations implied

that vitamin K insufficiency contributed to osteoporo-

sis development.

In Thailand, it is still unclear about the ucOC

level of elderly women, there was only one study(8)

about treatment of osteoporosis postmenopausal Thai

women with menatetrenone-4, and it was found that

menatetrenone-4 could decrease the serum level of

ucOC from 10.47 ng/dl at baseline to 5.32 ng/dl after

3 months of treatment (p=0.0001) and could decrease

the bone resorption marker (Beta Crosslaps) to 65.42%

after 6 months of treatment (p=0.0001)

The objective of the present study was to find out the

level of ucOC and the prevalence of vitamin K defi-

ciency in elderly Thai women.

Material and Method

The present study was a part of the studies of

calcidiol level of elderly women living in urban and

rural areas in Khon Kaen province, Thailand(9), that
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included 234 elderly volunteers. One hundred and

thirty cases lived in rural areas, and 104 in urban areas.

None of the participants had paralysis or debility, a

history of metabolic or hormonal disorders which might

affect calcium and bone metabolism, and none had

taken any medication within the last 6 months known

to influence bone turnover (i.e. estrogens, selective

estrogen receptor modulators, bisphosphonates, cal-

citonins, vitamin D, phenytoin, carbamazepine, and

rifampicin). The serum parathyroid hormone samples

were measured using the electrochemiluminescence

(ECLIA) technique on an Elecsys 1010. The serum

25(OH)D samples were measured using the radioimmu-

noassay (RIA) technique by a DiaSorin, USA. The

interassay coefficients of variation were 7.1 percent

for the measurements of the parathyroid hormone and

between 9.4 and 11.0 percent for the 25(OH)D.

The serum Glu-OC samples were assayed with

enzyme immunoassay based on a sandwich method

that utilizes two mouse monoclonal anti-undercar-

boxylated OC antibodies to detect Glu-OC by two-step

procedure. One of the mouse monoclonal anti-undercar-

boxylated OC was immobilized onto the microtiter plate

and blocked against non-specific binding. Samples and

standards were added to each well and incubated. The

second step was to wash the plate and to add the sec-

ond anti-OC labeled with peroxidase (POD). During this

incubation, Glu-OC was bound to anti-undercar-

boxylated OC (solid phase) on one side and tagged on

the other by POD-anti OC. The reaction between POD

and substrate (H
2
O

2
 and 3,3’, 5,5’ tetramethylbenzidine)

resulted in color development with intensities propor-

tional to the amount of Gla-OC present in samples and

standards. The amount of Glu-OC could be quantitated

by measuring the absorbance using an EIA plate reader.

The intra-assay precision CV (%) = 4.58-6.06, and the

inter-assay precision CV (%) = 5.67-9.87

The bone mineral density (BMD) was measured

in 227 elderly women (as 7 dropped out) at Srinagarind

Hospital, Khon Kaen University, using dual energy

X-ray absorptiometry for 98 urban elderly who were

measured by a DPX-IQ, Lunar Corp, USA, and 129

rural elderly measured by a Prodigy, Lunar Corp, USA,

both machines have a precision error of 1-2%.

Statistical Analysis

Baseline demographic and clinical characteris-

tics including age, weight, height, BMI, plasma level of

undercarboxylated osteocalcin (ucOC), 25(OH)D,

PTH, and alkaline phosphatase level were described as

median (SE), mean (SE), minimum and maximum.

The upper limit of the normal range for ucOC

that represent the cut-off level for vitamin K deficiency

was calculated as the median + 2 SE in 357 healthy,

Thai premenopausal women, aged 20-50 years (10). Thus,

the upper limit of normal level was 2.314 ng/ml (median

= 2.100 ng/ml, SE = 0.107). If the authors used mean + 2

SE as the cut-off level for vitamin K deficiency, it was

2.91 ng/ml (mean = 2.693 ng/ml, SE = 0.107), the median

rather than the mean was appropriate because the data

distribution was not symmetried, it was a positively

skewed distribution (skewed to the right), which

caused the mean to be an overestimate, accordingly

the authors decided to use “median+ 2 SE” as the

upper limit of the normal range of ucOC (Fig. 1).

To compare the difference of the mean of

continuous variables such as calcidiol, alkaline

phosphatase, BMD and PTH level between normal

vitamin K and vitamin K deficiency by unpaired t-test.

Meanwhile the prevalence of vitamin K deficiency

was presented as percent. For testing hypothesis,

p-values<0.05 were considered statistically significant.

Results

Baseline clinical characteristics of the partici-

pants are shown in Table 1. Based on the upper limit of

normal of 2.314 ng/ml for premenopausal women, 39.1%

had serum ucOC concentration above the cut-off level.

Women with high serum ucOC level had a significantly

lower 25(OH)D level, higher serum PTH, alkaline phos-

phatase activity, and lower BMD of ultradistal radius

Fig. 1 The data distribution of serum ucOC of 357 cases

of healthy premenopausal women, it was a posi-

tively skewed distribution (skewed to the right)
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and distal 1/3 of radius than women with a normal ucOC,

but the BMD of femoral neck and spine showed no

significant difference (Table 2) . Serum ucOC was cor-

related positively with PTH (r = 0.411, p<0.001) and

modest negatively with serum 25(OH)D (r = - 0.17,

p=0.013). A significant positive correlation between

ucOC level and PTH level persisted after excluding the

effect of 25(OH)D (r = 0.38, p<0.001), but not for corre-

lation between ucOC and 25(OH)D after excluding the

effect of PTH  (r = - 0.03, p=0.69)

The comparison of ucOC level between rural

and urban elderly showed a significantly higher level

of serum ucOC of urban elderly than rural elderly

(Fig.  2)

Discussion

Low level of serum vitamin K causes high se-

rum ucOC(5,7), and is the risk for high bone turnover,

low bone density and also low bone quality, that was

confirmed by higher PTH and alkaline phosphatase

level and lower BMD of ultradistal and distal 1/3 of

radius in vitamin K deficiency group compared to nor-

mal vitamin K group. In addition, the authors also found

that the urban elderly had a significantly higher ucOC

level than that of the rural elderly that might be the

difference in dietary habits  between urban and rural

elderly women.

Table 2. Comparison of serum biochemical characteristics and BMD values between women with normal

(<2.314 ng/ml) and high (>2.314 ng/ml) ucOC level

Serum parameter and BMD Normal ucOC mean (SE) High ucOCMean (SE) p-value*

25(OH)D         41.53 (1.02)         37.67 (1.13) =0.014

PTH         19.17 (1.36)         33.50 (2.09) <0.001

Alkaline phosphatase         84.84 (1.90)         92.71 (2.65) =0.014

BMD ultradistal radius           0.28 (0.01)           0.26 (0.01) =0.02

BMD distal 1/3 of radius           0.57 (0.01)           0.52 (0.01) =0.006

BMD femoral neck           0.69 (0.01)           0.68 (0.01) =0.522

BMD spine           0.83 (0.02)           0.81 (0.02) =0.617

Unpaired t - test

Table 1. The baseline characteristics of the participants

   Mean (SE)  Median (SE) Minimum Maximum

Age (n = 234)   70.49 (0.39)   69.50 (0.39)     60.00     92.00

Weight (n=234)   51.34 (0.72)   50.00 (0.72)     28.50     87.00

Height (n =234) 149.00 (0.37) 149.50 (0.37)   132.00   166.00

BMI (n =234)   23.06 (0.29)   23.14 (0.29)     12.67     37.17

PTH (n=234)   24.21 (1.17)   22.32 (1.17)       1.20   116.20

ucOC (n=215)     2.91 (0.16)     2.00 (0.16)       0.60     12.90

Vit D (n=234)   39.70 (0.73)   37.65 (0.73)     18.30     71.30

Alkaline phosphatase (n = 234)   88.29 (1.55)   84.00 (1.55)     24.00   192.00

In the present study, the prevalence of vita-

min K deficiency or high ucOC level = 39.1% based on

the cut-off level above 2.314 ng/ml, and caused a higher

level of PTH and alkaline phosphatase. Additionally,

the elderly women with high ucOC had lower bone

mineral density of ultradistal radius and distal 1/3 of

radius than the elderly with normal ucOC, but not for

femoral neck and spine. This finding  corresponded to

the study of Szulc P, et al(7) and  Plantalech L, et al(5),

but it had a higher cut-off ucOC level than those (2.314

Fig. 2 Comparison of  mean + 95%CI of serum ucOC

level between rural and urban elderly
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VS 1.65 ng/ml), that might be the difference in method

of measurement of ucOC, difference in racial and

dietary habit, so the level of vitamin K deficiency was

not of universal value, it was based on individual

characteristics and method of measurement.

Conclusion

Vitamin K deficiency is one of the risks of

osteoporosis with a high prevalence in Thai elderly

Thai women especially urbanized ones, and the supple-

ment of vitamin K should be recommended in Thai

osteoporotic patients especially urbanized elderly

women.

References

1. Shearer MJ. Vitamin K. Lancet 1995; 345: 229-34.

2. Suttie JW. Vitamin K. In: Stipanuk MH, ed. Bio-

chemical and  physiological aspects of human

nutrition. Philadelphia, Pennsylvania: WB Saunders

Company, 2000: 568-83.

3. Gerald F, Combs Jr. The vitamins: fundamental

aspects in nutrition and health. 2nd  edition. San

Diego, California: Academic press, 1998.

4. Liu G, Peacock M. Age-related changes in serum

undercarboxylated osteocalcin and its relation-

ships with bone density, bone quality, and hip

fracture. Calcif Tissue Int 1998; 62: 286-9.

5. Plantalech L, Guillaumont M, Vergnaud P, Leclercq

M, Delmas PD. Impairment of gamma carboxy-

lation of circulating osteocalcin (bone gla protein)

in elderly women. J Bone Miner Res 1991; 6:

1211-6.

6. Vergnaud P, Garnero P, Meunier PJ, Breart G,

Kamihagi K, Delmas PD. Undercarboxylated

osteocalcin measured with a specific immunoas-

say predicts hip fracture in elderly women: the

EPIDOS Study. J Clin Endocrinol Metab 1997; 82:

719-24.

7. Szulc P, Chapuy MC, Meunier PJ, Delmas PD.

Serum undercarboxylated osteocalcin is a marker

of the risk of hip fracture in elderly women. J Clin

Invest 1993; 91: 1769-74.

8. Bunyaratavej N, Penkitti P, Kittimanon N,

Boonsangsom P, Bonjongsat A, Yunoi S. Efficacy

and safety of Menatetrenone-4 postmenopausal

Thai women. J Med Assoc Thai 2001; 84 (Suppl 2):

S553-9.

9. Soontrapa Sp, Soontrapa Sk, Chailurkit L. The

prevalence and the calcidiol levels of vitamin D

deficiency in the elderly Thai women in municipa-

lity of Khon Kaen Province, Thailand. Srinagarind

Med J 2002; 17 :219-26.

10. Bunyaratavej N, Soontrapa Su, Rojanasthin S,

Kitimanon N, Lertrakul S. Level of undercarbo-

xylated osteocalcin in reproductive Thai women.

J Med Assoc Thai 2005 (in press, this issue).



J Med Assoc Thai Vol. 88 Suppl.5  2005 S33

√–¥—∫¢Õß undercarboxylated osteocalcin „π°√–· ‡≈◊Õ¥·≈–§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥‚√§

°√–¥Ÿ°æ√ÿπ„π µ√’ ŸßÕ“¬ÿ¢Õßª√–‡∑»‰∑¬

»ÿ¿»‘≈ªá  ÿπ∑√“¿“,,  ÿ°√’  ÿπ∑√“¿“,, ≥√ß§å ∫ÿ≥¬–√—µ‡«™,

„πºŸâ ŸSSÕ“¬ŸÆ∫«à“¡’°“√‡Æ‘Ë¡¢÷Èπ¢ÕSS√–¥—∫ undercarboxylated osteocalcin (ucOC) À√◊Õ¡’°“√¢“¥«‘µ“¡‘π‡§

„πÕ—µ√“∑’Ë Ÿß ¬—ßº≈„Àâ¡’Õ—µ√“°“√À¡ÿπ‡«’¬π¢Õß°√–¥Ÿ°‡æ‘Ë¡¢÷Èπ ¡’§à“¡«≈°√–¥Ÿ°≈¥≈ß·≈–‡æ‘Ë¡§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥

°√–¥Ÿ°À—°®“°‚√§°√–¥Ÿ°æ√ÿπ «—µ∂ÿª√– ß§å¢Õß°“√»÷°…“π’È§◊ÕµâÕß°“√À“√–¥—∫¢Õß ucOC „π µ√’ ŸßÕ“¬ÿ™“«‰∑¬

·≈–µâÕß°“√À“§«“¡™ÿ°¢Õß°“√¢“¥«‘µ“¡‘π‡§

®“°°“√»÷°…“„π µ√’«—¬°àÕπÀ¡¥ª√–®”‡¥◊Õπæ∫«à“§à“ ucOC ∑’Ë√–¥—∫ 2.314 ng/ml ∂◊Õ‡ªìπ√–¥—∫¢Õß°“√

¢“¥«‘µ“¡‘π‡§ ·≈–æ∫«à“„π µ√’ ŸßÕ“¬ÿ∑’Ë‡¢â“√à«¡°“√»÷°…“π’È¡’§«“¡™ÿ°¢Õß°“√¢“¥«‘µ“¡‘π‡§ Ÿß∂÷ß√âÕ¬≈– 39.1

·≈–ºŸâ ŸßÕ“¬ÿ∑’Ë¡’√–¥—∫¢Õß ucOC  Ÿß°«à“ 2.314 ng/ml ®–¡’§à“¡«≈°√–¥Ÿ°¢Õß ultradistal radius ·≈– distal 1/3 of

radius ·≈–√–¥—∫¢Õß 25(OH)D µË”°«à“ºŸâ ŸßÕ“¬ÿ∑’Ë¡’√–¥—∫¢Õß ucOC ª°µ‘ (p<0.05) ºŸâ ŸßÕ“¬ÿ∑’Ë¡’√–¥—∫ ucOC  Ÿß°«à“

2.314 ng/ml ¬—ß¡’√–¥—∫¢Õß PTH ·≈–√–¥—∫¢Õß alkaline phosphatase „ππÈ”‡À≈◊Õß Ÿß°«à“ºŸâ ŸßÕ“¬ÿ∑’Ë¡’√–¥—∫ ucOC

ª°µ‘Õ¬à“ß™—¥‡®π (p<0.05) πÕ°®“°π’È¬—ßæ∫«à“√–¥—∫¢Õß ucOC „ππÈ”‡À≈◊Õß¡’§«“¡ —¡æ—π∏å‡™‘ß∫«°°—∫√–¥—∫¢Õß PTH

(r=0.411, p<0.001) ·≈–¡’§«“¡ —¡æ—π∏å‡™‘ßº°º—π°—∫√–¥—∫¢Õß 25(OH)D (r=-0.17, p=0.013) ·≈–√–¥—∫¢Õß ucOC

„πºŸâ ŸßÕ“¬ÿ∑’ËÕ“»—¬Õ¬Ÿà„π‡¢µ‡¡◊Õß¡’√–¥—∫∑’Ë Ÿß°«à“ºŸâ ŸßÕ“¬ÿ∑’ËÕ“»—¬Õ¬Ÿà„π‡¢µ™π∫∑Õ¬à“ß™—¥‡®π

®“°∑’Ë°≈à“«¢â“ßµâπæÕ®– √ÿª‰¥â«à“°“√¢“¥«‘µ“¡‘π‡§∂◊Õ‡ªìπªí®®—¬‡ ’Ë¬ßÕ¬à“ßÀπ÷ËßµàÕ°“√‡°‘¥ ‚√§°√–¥Ÿ°æ√ÿπ

·≈–¡’§«“¡™ÿ°∑’Ë Ÿß„π µ√’ ŸßÕ“¬ÿ °“√‡ √‘¡«‘µ“¡‘π‡§„πºŸâªÉ«¬‚√§°√–¥Ÿ°æ√ÿπ‡ªìπ ‘Ëß∑’Ë ¡§«√°√–∑”‚¥¬‡©æ“–ºŸâ ŸßÕ“¬ÿ

∑’ËÕ“»—¬Õ¬Ÿà„π‡¢µ‡¡◊Õß


