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Summary

Bone turnover markers (BTMs) provide important insights into
the dynamics of bone remodelling and are subjected to preana-
Iytical and ethnic variations in addition to influence of genetic
and environmental factors.

Aim/Objectives To derive ethnicity specific reference range for
BTMs and to study their correlation with Bone Mineral Density
(BMD) in a cohort of healthy postmenopausal women and their
premenopausal daughters and to look at the impact of maternal
bone mineral status on daughters bone health.

Material and Methods This community based cross sectional
study included 300 subjects (150 mother-daughter pairs). Demo-
graphic details were collected. Fasting blood and a second void
morning urine samples were obtained for measurement of BTMs
(sCTX, sPTNPI1, sOC and urine DPD respectively) and bone
mineral parameters. BMD was measured by DXA scan.

Results Osteoporosis was seen in 44-7% of the postmenopausal
women. Ethnicity specific reference ranges of BTMs were derived
for the study population. Significant inverse correlation was
found between all BTMs (except urine DPD) and BMD
(P < 0-05). Daughters of mothers with osteoporosis at spine and
femoral neck had lower BMD, compared to daughters of moth-
ers without osteoporosis(P = 0-03 & 0-05).

Conclusion Apart from deriving the ethnicity specific reference
range for BTMs and finding a significant inverse correlation
between BTM and BMD, this study found significantly lower
BMD in daughters of mothers with osteoporosis at spine and
femoral neck implicating the probable interplay of genetic, epi-
genetic and similar environmental factors.
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Introduction

Osteoporosis is an emerging public health problem worldwide
and is expected to increase with rising life expectancy. India has
a high prevalence of osteoporosis, with one of two women and
one of five men above the age of 50 years at risk.'” Complica-
tions of osteoporosis in the form of fractures, the most dreaded
being hip fractures, contribute to an increased morbidity and
mortality in the elderly population.* The current gold standard
test for the diagnosis of osteoporosis is bone mineral density
(BMD) assessment using dual-energy X-ray absorptiometry
(DXA). However, about 50% of women who sustain a fragility
fracture may not have BMD in the osteoporotic range.” Hence,
there is a need for assessment of other risk factors for osteo-
porosis using tools such as FRAX and also for the use
of bone turnover markers (BTMs) which reflect the underlying
bone turnover process. Microarchitectural alterations affect-
ing bone quality and predisposing to fractures can be assessed
by BTMs and may thus serve as a complementary tool to BMD
in the assessment of fracture risk.®

BTMs provide insights into the dynamics of bone remod-
elling. In recent years, there has been an increase in utilization
of BTMs, especially in clinical trials in regard to the monitoring
of treatment with new agents. The International Osteoporosis
Foundation (IOF) and the International Federation of Clinical
Chemistry & Laboratory Medicine (IFCCLM) have proposed
that serum CTX-1 and serum PINP can be used as reference
markers of bone resorption and formation, respectively, in clini-
cal settings for assessment of fracture risk and monitoring thera-
peutic response to osteoporosis treatment.”

Reliable, rapid and cost-effective assays to estimate BTMs are
available with improved sensitivity and specificity. However,
there is limited information available with regard to BTMs and
their relation to BMD and population-based normative data of
BTMs from India. The manufacturer-provided reference range
may not be the same for various ethnicities and may also
depend upon pre-analytical variables such as age, gender, race,
diurnal and seasonal variation.

Therefore, this study was undertaken to derive the reference
range for various BTMs in healthy premenopausal and
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postmenopausal women, to look at the correlation between
BTMs and BMD at different sites and also to study the diagnos-
tic performance of BTMs in the diagnosis of osteoporosis. We
also compared the BMD and BTMs among the daughters of
mothers with osteoporosis at the spine and the femoral neck
with those women whose mothers did not have osteoporosis.

Materials and methods

This was a cross-sectional study conducted over a period of
3 months. Institutional review board (IRB Min. No. 8343
OBSERVE dated 10-06-2014) approval was obtained. Healthy
premenopausal women and their mothers who had reached the
menopause were recruited from an urban community from the
North Arcot district in the southern part of India. There is a sig-
nificant homogeneity in the ethnicity of the population in this
region. Daughters and their mothers were enrolled, as they
would be expected to have similar environmental and genetic
background. Recruitment was undertaken by random cluster
sampling. The houses in the study sample recruitment area were
numbered and divided into clusters of ten houses in continuity.
Computer-generated numbers were taken for random sampling
of the clusters. Among the cluster samples, women who met the
inclusion criteria were recruited after obtaining written informed
consent. Only the eldest daughter who resided in the study area
was recruited which enabled us to get equal numbers of pre-
and postmenopausal women. Thus, study subjects comprised of
2 groups which included healthy premenopausal women
between 25 and 45 years of age with regular menses (occurring
every 25-35 days within the past year) and mothers of the pre-
menopausal women aged above 50 years of age who had
attained menopause (cessation of menstruation for a minimum
period of 12 months). Subjects with systemic illnesses, hyperthy-
roidism, hyperparathyroidism, Cushing’s syndrome, history of
fracture within 6 months, immobilization and who were on
medications that interfere with bone mineral metabolism were
excluded from the study.

Details were obtained regarding their age, menstrual cycles,
parity, menopausal age, socioeconomic status, physical activity,
any systemic illness and medication use. Physical activity was
assessed using an internationally validated standardized ques-
tionnaire: the International Physical Activity Questionnaire
(IPAQscoring).® Dietary calcium intake was assessed using a
semiquantitative food frequency questionnaire,” which included
a typical daily meal plan recall for a duration of a week. Pub-
lished data on individual nutrient composition of Indian food
were utilized for estimating the dietary calcium intake.'” Data
were also collected with regard to the duration of sunlight expo-
sure (number of minutes per day) in addition to the usual type
of clothing to determine the extent of the body area that had
been exposed to sunlight.'!

Subjects were examined on the day of BMD assessment.
Weight was measured using the same weighing scale throughout
the study, and height was measured using a Harpenden sta-
diometer (UK). The body weighing machine and stadiometer
were calibrated on a weekly basis. Blood samples were collected

for assessing the following biochemical parameters after an over-
night fast: albumin-corrected calcium (N: 2:07-2-59 mmol/l),
phosphorus  (N:  2:5-4-6 mmol/l), alkaline phosphatase
(N: 40-125 u/l), creatinine (N: 61-9-123-7 pmol/l), parathyroid
hormone (PTH) (N: 0-85-5-3 pmol/l), 250H vitamin D (N:75—
175 nmol/l). Biochemical parameters were measured in a fully
automated computerized microanalyser (Hitachi model 911;
Boehringer Mannheim, Mannheim, Germany). Intact PTH and
25(0OH) vitamin D were measured by a chemiluminescence
immunoassay using an Immulite analyser 2000. Vitamin D defi-
ciency was defined as a serum 25(OH) vitamin D level of less
than 50 nmol/l and severe vitamin D deficiency as less than
25 nmol/l.

Fasting blood and second void urine samples were obtained for
the measurement of serum C-terminal telopeptide type I collagen
(CTX), serum procollagen type 1N-terminal propeptide (P1NP),
serum osteocalcin (OC) and urine deoxypyridinoline (DPD),
respectively. All blood and urine samples were collected between 8
am and 10 am after an overnight fast. Samples of venous blood
were collected from study subjects into serum separator tubes.
The blood was allowed to clot at room temperature for 30 min-
utes then centrifuged at 2500 rpm for 10 minutes at 4 °C. The
samples were stored at minus 70 °C until the assay was performed.
Urine samples were collected and stored at minus 20 °C until the
assay was performed. Serum CTX was measured using electro-
chemiluminescence immunoassay (ECLIA) on a Roche elecsys
Modular E170 analyser. The measuring range as described in the
insert kit was 10-6000 pg/ml with an analytical sensitivity of
10 pg/ml and intra- and interassay CV of 5-5% and 7-6%, respec-
tively. The manufacturer’s reference range was 299 £ 137 pg/ml
(mean+2SD) for premenopausal women and 556 £ 226 pg/ml
(mean=42SD) for postmenopausal women.

Serum PINP was measured by electrochemiluminescence
immunoassay (ECLIA) on a Roche elecsys Modular E170 anal-
yser. The measuring range as described in the insert kit was 5—
1200 pg/l with an analytical sensitivity of 5 pg/l (ng/ml), and
intra- and interassay CV of 2-9% and 3-8%, respectively. The
10 + 10-86 ng/ml
(mean£2SD) for premenopausal women and 40-44 + 14-40 ng/

manufacturer’s  reference  range  was
ml (mean+2SD) for postmenopausal women.

Serum OCN was also measured by electrochemiluminescence
immunoassay (ECLIA) on a Roche elecsys Modular E170
analyser. The measuring range as described in the insert kit was
0-5-300 ng/ml with an analytical sensitivity of 0-5 ng/ml and
intra- and interassay CV of 3-3% and 3-8%, respectively. The
21-5 £ 6:30 ng/ml
(mean=£2SD) for premenopausal women and 28-99 £ 10-02 ng/

manufacturer’s reference range  was
ml (mean+2SD) for postmenopausal women.
Urine DPD was

immunoassay (CLIA) on an Immulite 2000 analyser. The mea-

measured using a chemiluminescence

suring range as described in the insert kit was 7-300 mmol/l
with an analytical sensitivity of 7 mmol/l and intra- and interas-
say CV of 5:9% and 7-1%, respectively. The manufacturer’s ref-
52 &+ 1-1 (mean42SD) for
premenopausal women and 8-2 £+ 2-7 mmol/l (mean+2SD) for

erence range was mmol/l

postmenopausal women.
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Bone mineral density was assessed using the Hologic DXA
Discovery QDR 4500 at the lumbar spine (LS) and femoral neck
(FN) by the same technician. The WHO classification of osteo-
porosis (T score < minus 2-5) was used for categorization. For
premenopausal women, a low bone mass was defined as a
Z-score of less than minus 2 at either site.

Sample size calculation

A sample size of 272 (136 premenopausal and 136 post-
menopausal women) was required to estimate a 95% CI (Z_,»
= 1-96) for the 95% serum CTX reference limit (z, = 0-845),
with a relative margin of error of 10%, when compared with the
95% reference range (z;.g;, = 1-96).

Statistical analysis

Data were expressed as mean and 95% confidence interval. Cat-
egorical variables were reported when appropriate. For each
BTM, a premenopausal and postmenopausal reference range was
established by calculating the mid 95% confidence interval. The
reference range derived in our study comprised the 2-5-97-5
percentile which represented the mid 95% reference range of the
study population thus removing the 5% values on the extremes.
The reference intervals were calculated wusing parametric
methodology as the data were normally distributed. A similar
methodology has been used in deriving reference range for
BTMs in other studies.'>"’

The independent T-test was used to compare the means of
two continuous variables which were normally distributed,
and nonparametric tests were used if their distribution was
not normal. A difference between 2 groups was considered
significant when P was < 0-05. A correlation between 2 con-
tinuous variables was performed using Pearson and Spearman
correlation based on the distribution of the variables. Receiver
operating characteristics (ROC) curves were constructed using
different cut-offs of BTMs and T-scores of the lumbar spine
and femoral neck BMD in a cohort of postmenopausal

BTMs and BMDs in mother—daughter pairs 3

women, to derive the cut-offs for each BTM which could
best predict the risk of osteoporosis (T-score <—2-5). Statisti-
cal analysis was undertaken using the SPSS 16-0 software
package.

Results

Three hundred and fifty subjects, comprising 175 post-
menopausal women and their premenopausal daughters
(n = 175), were recruited by random cluster sampling. Of these,
50 subjects (25 pairs) were excluded based on exclusion criteria
for either the postmenopausal women or their daughters (Fig. 1).

Finally, three hundred subjects which included 150 post-
menopausal women and their daughters (n = 150) who met the
inclusion criteria were recruited from the community after
obtaining written informed consent.

Demography, biochemistry and BMD of study subjects are
shown in Table 1. The mean age (SD) of the premenopausal
and postmenopausal group was 35-6 + 54 years and
59-0 £ 5-4 years, respectively. The prevalence of vitamin D defi-
ciency (< 50 nmol/l) was 131/300 (43-6%) overall with 69
(46%) premenopausal women and 63 (42%) postmenopausal
women having vitamin D deficiency. The mean BMD at the LS
and femoral neck was significantly lower in the postmenopausal
group as compared to the premenopausal group (P < 0-001), in
accordance with their advancing age and menopausal status.
Premenopausal women were more physically active as assessed
by IPAQ questionnaire. 65-3% premenopausal women were cate-
gorized as having high physical activity (>3000met equivalents)
as compared to 43% in the postmenopausal group.

In the postmenopausal group, 44.7% (n = 67) had osteoporo-
sis at the spine and 25-3% (n = 38) had osteoporosis at the
femoral neck. In the premenopausal women, low bone mass was
seen in 5:3% (n = 8) at the spine and 0-7% (n = 1) at the
femoral neck.

The distribution of BTMs was analysed for premenopausal
and postmenopausal women. Both bone resorption markers
(serum CTX & Urine DPD) and bone formation markers

Urbanareain
Vellore district

1

Healthy postmenopausal
women and their daughters

Random cluster sampling Subjects excluded
2 pairs - chronic liver disease,
l_ 3 pairs - chronic renal failure

5 pairs - on steroids,
350 subjects screened - 1 pair- on carbamazepine,
(175 pairs) 1 pair-on Risperidone

1 pair - rheumatoid arthritis,
l 10 pairs - either mother or daughter
300 subjects (150 pairs) residing outside the recruitment
5 area
Recruited

2 pair --fractures within 6 months

\

Fig. 1 Flowchart — Recruitment of study subjects. AN = 150

Postmenopausal women | Premenopausal women

(N = 150)
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Table 1. Demography, biochemistry and BMD of study subjects

Postmenopausal Women (N = 150)

Premenopausal Women (N = 150)

Variables Mean £ SD Mean £ SD P value
Age (years) 589 + 54 351 £ 52 <0-001
BMI (kg/m?) 252 + 4.9 26 + 4.9 NS
Parity 36 + 1.7 24+ 12 <0-001
Dietary calcium intake (mg/24 hours) 501 £ 124 511 £ 120 NS
Sunlight exposure (min/day) 116 + 92 122 4+ 106 NS
Menopausal age (years) 457 £ 4.7 - -
Years since menopause 135 £ 74 - -
Corrected calcium (mmol/l) 2:25 £ 0-12 2:27 £ 0-12 NS
Albumin (g/1) 44 £ 5 44 + 07 NS
Phosphorus (mmol/l) 4.0 &+ 0-5 3.6 + 0-5 <0-001
25(0H) Vitamin D (nmol/l) 56-0 & 26-7 50-0 & 215 0-049
Alkaline phosphatase (U/1) 93-3 + 24 72:9 £+ 25 <0-001
Creatinine (pmol/1) 628 + 8-8 62:78 £+ 8-1 NS
PTH (pmol/l) 56 + 36 52 422 NS
Lumbar spine BMD (g/cm?) 0-801 & 0-142 0-993 + 0-112 <0-001
Femoral neck BMD (g/cmz) 0-658 £+ 0-111 0-812 4+ 0-113 <0-001

(serum OC & serum PINP) were significantly higher in post-
menopausal women than premenopausal women. The reference
range for all BTMs for premenopausal and postmenopausal
women was derived based on the mid 95% confidence interval.
The mean and reference range for each marker is shown in
Table 2. The reference range calculated in this study includes
subjects with vitamin D deficiency as a large proportion of the
healthy Indian population is vitamin D deficient, and further
analysis excluding subjects with severe vitamin D deficiency did
not reveal a significant difference.

Serum CTX, PINP, OC and urine DPD had a significant neg-
ative correlation with BMD at the lumbar spine (P < 0-05). At
the femoral neck, a statistically significant negative correlation of
serum CTX, PINP, OC and BMD was seen. Although there was
a negative correlation between urine DPD & FN BMD, it did
not reach statistical significance (Fig. 2). Serum CTX (pg/ml)
and PINP (pg/ml) were significantly higher in women with
osteoporosis (N = 67) at the spine when compared to the
women who did not have osteoporosis (N = 83)
(674-01 + 246-56 Vs 524-46 + 277-10, P =0-01 and
72-40 £ 36-73 vs 61-41 + 25-12, P = 0-039, respectively). Serum
OC and urine DPD were also higher in postmenopausal women,
but this did not attain statistical significance.

The analytical performance of each BTM for the diagnosis of
osteoporosis at the lumbar spine and femoral neck was studied
using receiver operating curve (ROC) analysis in the post-
menopausal women (Fig. 3). All the BTMs showed a statistically
significant area under the curve (AUCs) except urine DPD.
These values did not show statistically significant difference after
excluding subjects with severe vitamin D deficiency. The cut-off
values of BTMs for prediction of osteoporosis at the spine were
413-40 pg/ml for CTX (sensitivity: 91%, specificity: 41%),
422 ng/ml for PINP (sensitivity: 91%, specificity: 33%),
16-15 ng/ml for OC (sensitivity: 91%, specificity: 34%) and
9-12 nmol/l for urine DPD (sensitivity: 77%, specificity: 30%).
The cut-off values of BTMs for prediction of osteoporosis at the
femoral neck were 405-40 pg/ml for CTX (sensitivity: 86%,
specificity: 30%), 49-85 ng/ml for PINP (sensitivity: 84%, speci-
ficity: 38%), 18-65 ng/ml for OC (sensitivity: 81%, specificity:
30%) and 9-28 nmol/l for urine DPD (sensitivity: 73%, speci-
ficity: 30%).

BMD of the daughters with osteoporotic mothers was com-
pared with the daughters of nonosteoporotic mothers. Daughters
born to mothers with osteoporosis at the lumbar spine had a
significantly lower BMD at the spine compared to those whose
mothers did not have osteoporosis. However, there were no

Table 2. Mean and 95% reference range of BTMs in pre- and postmenopausal women

Postmenopausal women (N = 150)

Premenopausal women (N = 150)

Reference range

Reference range

Parameters Mean + 2SD (2:5-97-5 percentile) Mean + 2SD (2:5-97-5 percentile) P value
Serum CTX (pg/ml) 592 + 274 134-2-1352-9 373 + 200 120-3-915-9 <0-001
Serum PINP (pg/ml) 663 + 31-2 27-11-148-41 525 4+ 346 24-53-99-48 <0-001
Serum OC (ng/ml) 262 + 135 9-39-61-56 17.8 + 7-1 8:41-33-45 <0-001
Urine DPD (n.mol/m.mol creatinine) 112 £+ 3-3 5-93-21-12 9-8 + 29 5-10-15-33 <0-001

Items with emphasis bold are reference range of BTMs in premenopausal and postmenopausal women.

© 2016 John Wiley & Sons Ltd
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BTMs and BMDs in mother—daughter pairs

Correlation of BTM with LS BMD

Serum P1NP with LS BMD

r=-0-306; P =< 0-001

Serum OC with LS BMD
r=-0-405; P =< 0-001

Serum urine DPD with LS BMD

r==0-169; P = 0-003

5

° © mother
° J S seting o 8 2o O daughter
o] a2 ~Fitline for total 1o o S Fitlne for total

SerumCTX
SerumP NP

° O mother
© daughter
o = Fit line for total

o O mother o
o §

O daughter o

“~<Fit line for total

Serum OC
Urine DPD

Correlation of BTM with FN BMD

Serum CTX with FN BMD
r= 0-466; P =< 0:001

Serum P1NP with FN BMD
r=-0-350; P =< 0-005

© mother
© daughter
~~Fitline for total

O mother
O daughter
@ ~~Fitfine for total oot | 3

SerumCTX
SerumPINP

0800 1400 120 0400 0600 000 1500 1200

LT_FN_BMD LT_FN_BMD

Fig. 2 Correlation of BTM and BMD.

significant differences at the femoral neck. Similarly, daughters
of mothers with osteoporosis at the femoral neck had a lower
BMD at the femoral neck with no statistically significant differ-
ence at the spine (Table 3). There was no significant difference
between serum CTX, PINP, OC and urine DPD of daughters
born to mothers with osteoporosis at the LS versus those whose
mothers did not have osteoporosis (P=NS).

Discussion

This community-based study was undertaken in a unique cohort
of healthy mothers and their daughters, where we studied the
reference range of BTMs, their relationship with BMD and also
compared the BMD and BTMs of daughters of the women who
had osteoporosis with those whose mothers did not have osteo-
porosis. Nearly 45% of these postmenopausal women had osteo-
porosis at the spine, which is similar to that reported in
previously published studies from India.”'* A quarter had osteo-
porosis at the femoral neck, which constitutes an important
finding in view of the high risk of hip fractures and its associ-
ated morbidity and mortality. The high prevalence of osteoporo-
sis seen in our study subjects is in contrast to an approximate
30% prevalence reported in the Caucasian population.'® This is
not explained by the database used, as in a recent study the
Indian reference database underperformed in the diagnosis of
osteoporosis compared to a Caucasian database.'® When

© 2016 John Wiley & Sons Ltd
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considering the number of postmenopausal women in India
(around 100 million), the magnitude of the problem is huge.
Among the premenopausal women, around 5% had a low bone
mass at the spine which is akin to a study by Harinarayan et al.
in this age group.'” Vitamin D deficiency was seen in 43% of
the subjects, unlike previously published Indian studies which
have shown a much higher prevalence of around 50-80%.”"®
This is probably due to an increase in awareness and supple-
mentation provided by the various educational programmes
conducted by the local community health services.

Postmenopausal women had higher levels of both bone for-
mation and resorption markers when compared to pre-
menopausal women in our study. The reference range derived in
the postmenopausal women showed a steep increment from pre-
menopausal to the postmenopausal age group, which has also
been shown in recent studies from Saudi Arabia and Japan.'>"
This emphasizes the need for different reference ranges for pre-
menopausal and postmenopausal women.

The reference range for each of the BTMs in our study, which
is representative of the South Indian urban population, was
higher when compared to the reference values derived in a
Spanish study, with the exception of sPINP.?’ The variation in
the reference ranges found across different populations could be
secondary to differences in the assays used in individual studies,
pre-analytical variations of the BTMs, ethnicity-specific differ-
ences, lifestyle, epigenetic and genetic influences on the rate of
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ROC curve of BTMs in relation to LS BMD T-score

10
Source of the curve
= SerumCTX
SerumPINP
089 el
= WrineDPD
Reference line
Z 06
=
8
]
c
@
w044
024
oo T T T T
00 02 04 06 08 10

1 -specificity

Area under curve of BTMs in predicting osteoporosis

Variable AUC P value 95% CI
SerumCTX 0-68 <0-001 0-59-0-76
SerumP1INP 0-59 0-05 0-50-0-68
Serum_OC 0-66 0-001 0-57-0-75
| Urine_DPD 051 0-89 0-41-0-60

ROC curve of BTMs in relation to FN BMD T-score

10
) Source of the curve
— SerumCTX
SerumPINP
081 SerumOC
= LrineDPD
= Reference line
£ o6
>
E r
“
H 4
v 044 =
J
f
029
00 T T T T
00 02 04 06 08 10

1 - specificity

Area under curve of BTM:s in predicting FN osteoporosis

Variable AUC P value 95% CI
SerumCTX 0-61 0-038 0-50-0-72
SerumP1INP 0-65 0-006 0-54-0-75
Serum_OC 0-62 0-026 0-51-073
; Urine_DPD 0-52 0717 0-40-0-63

Fig. 3 Receiver operating characteristic curve for the various BTMs.

Table 3. Comparison of the BMD of daughters of osteoporotic mothers at lumbar spine and femoral neck vs daughters of non-osteoporotic mothers at

lumbar spine and femoral neck respectively

Mother LS T score N Mean + SD (gm/cmz) P value  Mother FN T score N Mean + SD (gm/cmZ) P value
Daughter LS BMD <-25 66 0-973 + 0-114 0-03 <-25 38 0-978 + 0-107 0-29
>—-2.5 84 1-010 £ 0-105 >—2.5 112 1-000 £ 0-117
Daughter <-25 66 0-834 £ 0-339 0-75 <-25 38 0-783 £ 0-094 0-05
FN BMD >—2-5 84 0-821 £ 0-110 >—-2.5 112 0-841 + 0-269

P value 0.03 refers to Daughters of mothers with lumbar spine osteoporosis had significantly lower bone mass at lumbar spine.
P value 0.05 refers to Daughters of mothers with femoral neck osteoporosis had significantly lower bone mass at femoral neck.

bone remodelling.'*! This necessitates the use of an ethnicity-
specific reference range in clinical practice. To reduce the pre-
analytical variability in our study, samples for BTMs were col-
lected in the morning after an overnight fast during the same
season of the year. BTMs were measured by an electrochemilu-
minescence immunoassay which is a robust assay when com-
pared to other immunoassays.

BMD at the spine and the femoral neck showed a significant
correlation with all the BTMs except for urinary DPD at the
femoral neck. Similar correlations between BTMs and BMD have
been shown in studies by Ardawi et al. and Botella et al.'>*
Urinary DPD did not show a good correlation, probably due to
its known analytical variability. In addition, although corrected
for creatinine, DPD was collected as a spot sample which may
not have reflected the true dynamics of bone turnover. A signifi-
cant inverse correlation observed in our study between BTMs

and BMD may have to be studied longitudinally in an Indian
context, where the interplay of various factors such as vitamin D
deficiency and poor nutrition may further influence bone
remodelling, especially in this age group. A significantly higher
CTX and PINP in those with osteoporosis at the spine when
compared to those without osteoporosis in our study was also
seen in a Spanish study which showed a higher level of CTX,
PINP, OC and sclerostin in osteoporotic subjects.”> Women
with elevated BTMs have been found to have a three to five
times higher rate of bone loss.”> In addition to being cost-effec-
tive, the change in BTMs following initiation of treatment is
rapid and can be seen as early as 3 months.

In our study, a trade-off between sensitivity and specificity of
BTM assays for the diagnosis of osteoporosis was seen, with a
poor specificity and a moderate area under curve. Similar ana-

Iytical performance has also been shown in recent studies.”**'

© 2016 John Wiley & Sons Ltd
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Daughters of mothers with osteoporosis at the spine and the
femoral neck had a significantly lower BMD at the spine and the
femoral neck, respectively, when compared to those whose
mothers did not have osteoporosis at these sites. However, there
was no significant difference in BTMs between daughters of
mothers with osteoporosis when compared to those whose
mothers did not have osteoporosis. The mother—daughter con-
cordance in this study not only reflects the influence of genetic
factors on BMD but also the shared environmental factors in
view of the same locality and similar lifestyles in terms of nutri-
tion, socioeconomic status, sunlight exposure and physical activ-
ity. Differences in BMD observed between 2 groups implicate
the role of genetic, epigenetic as well as similar environmental
factors in the attainment of peak bone mass for both trabecular
and cortical bone. Similar findings were seen in a study from
China, where daughters of mothers with osteoporosis had a
lower peak bone mass as compared to daughters whose mothers
did not have osteoporosis.** Previously published paired studies
have also shown that the inheritance of bone mass in women is
determined by the peak bone mass attained, and thereafter, a
decline in the bone mass secondary to bone loss that occurs
especially after the menopause, which runs in families between
mothers and daughters.”® Daughters of mothers with low BMD
and osteoporotic fractures have been shown to have significantly
lower BMD (5-0-8:0%, P < 0-017) as compared to daughters of
mothers with normal BMD.?® The differences observed in BMD
but not in BTMs between the daughters of osteoporotic and
nonosteoporotic mothers may be attributable to a difference in
peak bone mass and may not reflect the variations seen in bone
remodelling between the two groups. Genetic influence plays an
important role in the acquisition of peak bone mass, in the rate
of bone loss and the risk of an osteoporotic fracture in an indi-
vidual. Parental hip fracture has been shown to be one of the
major risk factors for fragility fracture.”” This familial predispo-
sition to fracture risk could be secondary to both genetic suscep-
tibility and environmental risk factors shared by the family
members. The genetic influence on osteoporosis is complex,
with multiple candidate genes implicated to have small-to-mod-
erate effects in the attainment of peak bone mass and bone
loss.?®

Limitations of the study

This study was undertaken in an urban area and may not repre-
sent a rural community. In premenopausal women, the collec-
tion of blood or urine samples for BTMs was performed
regardless of the particular phase of the menstrual cycle.

Conclusion

This is the first community study from India to establish nor-
mative data of BTM and to derive a reference range in a cohort
of premenopausal women and their mothers recruited by a clus-
ter sampling technique. A significant inverse correlation between
BTMs (except for urine DPD) and BMD at all sites was seen in

© 2016 John Wiley & Sons Ltd
Clinical Endocrinology (2016), 0, 1-8
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our study. Daughters born to mothers with osteoporosis at the
spine and femoral neck had a significantly lower BMD at the
spine and femoral neck, respectively, when compared to those
whose mothers did not have osteoporosis at these sites, suggest-
ing the probable interplay of genetic, epigenetic and similar
environmental factors in the attainment of peak bone mass.
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