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Forward

Inaugural Annual Academic Sessions of the Faculty of Medicine, University of Ruhuna

I am very pleased to witness the beginning of Annual academic Sessions of the Faculty of Medicine,
University of Ruhuna and the launching of official journal of the Faculty. This is a significant milestone of
the academic front of the Faculty which now nearly 33 years old. | hope that this activity will continue in
future and grow to bigger dimensions.

In order to gain international recognition, Faculty needs to uplift its academic profile and activities of this
nature allow academics to showcase their research findings. This yvear we have selected six completed
PhD/Mphil projects and three abstracts to fill the program. This is of course what the organizing committee
considered best, given that it is the first event of this nature in the Faculty and we welcome the comments
of academic members to improve the content and quality of the future sessions.

While thanking those involved in organizing this event | wish well for those contributing to the program.

Also hope the audience will enjoy the activities of the day.

Professor Sarath Lekamwasam
Chairperson
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Message from the Vice Chancellor

It indeed gives me a great pleasure to send this message for the proceedings of the 1st Annual Academic
Sessions of the Faculty of Medicine, University of Ruhuna. It is inspiring to note that the Academic
Sessions have now become an annual event in almost all faculties of the University of Ruhuna, fostering
and nurturing a research culture among the academics. This is a very good opportunity for the academic
staff of the Faculty of Medicine to present their research endeavors.

As the Vice Chancellor of a University committed to academic excellence and high quality research, | am
proud to witness a remarkable improvement in quantity and quality as well as relevance of research
conducted by our staff. Academic Sessions will facilitate our academics in developing and sharpening
their research skills and capability. Therefore I believe that the publication of research findings presented
at the Academic Sessions will be an incentive to our academics for future evaluations in their areas of
expertise. | wish the 1st Annual Academic Sessions every success.

Professor Gamini Senanayake,
Vice Chancellor, University of Ruhuna, Matara.
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Review

Upper gastrointestinal tract abnormalities in patients
referred for gastroscopy and the prevalence of Helicobacter
pyloriinfection among them: a hospital based study in

Sri Lanka

Waidyarathme £}
Department of Anatomy, Faculty of Medicine, University of Ruhuna, Galle, Sri Lanka.

Abstract

Upper gastrointestinal endoscopy is a common procedure in routine clinical practice. This study examines
the types of upper gastrointestinal abnormalities, their cormrelation with histological changes and the
prevalence of Helicobacter pylori (H pvier) infection among a group 251 Sri Lankan patients referred for
upper gastrointestinal endoscopy.

Nine gastric mucosal biopsies were obtained from each patient for three diagnostic tests i.e. histology,
rapid urease test and culture and 5 ml of peripheral venous blood was obtained for the detection of anti-
H.pviori lgh and 1gG. Three case control studies were performed by comparing patients with peptic ulcer
disease, gastro-oesophageal reflux disease and gastritis with age and sex matched, hospital based control
groups to asses the risk and protective factors for each disease entity. The quality of life of patient group was
compared with a control group using the validated Sinhala translation of WHO Quality of Life BREF (WHO
QOL BREF) questionnaire.

Approximately 86% of patients had histological evidence of chronic gastritis. There was a poor correlation
between endoscopic and histological gastritis with more than 60% of patients with histological gastritis
failing detection endoscopically. The prevalence of H oo determined by histology was 49.4%. When
compared with histology which was taken as the gold standard (either Hematoxyline & Eosin or modified
Giemsa positive) for the detection of ~ oy/ori, all other diagnostic tests had low sensitivity and specificity. In
the three case control studies, the middle socioeconomic group had lesser tendency to develop upper
gastrointestinal diseases. While smoking had no effect, alcohol consumption, frequent use of certain groups
of drugs and bad food habits significantly increased the risk of upper gastrointestinal diseases. Patients with
upper gastrointestinal symptoms showed significantly low scores in physical and psychological domains of
WHO QOL BREF.

A majority of patients referred for upper gastrointestinal endoscopy had a clinically relevant abnormality.
There was relatively a low prevalence of H oo infection. Histology using H & E or modified Giemsa stain
appeared to be the most reliable technique to detect 5. gvicrn. Bad food practices, commonly used drugs and
alcohol consumption were significant risk factors for upper gastrointestinal diseases and the symptoms
significantly affect the quality of life of patients.

Caorresponding authar. Wa dyarathne EI
=eiwaidya@yahoo.co.uk=

This study was performed in University of Ruhuna, Sri
Lanka and the results ware included in a thesis with
two published papers for a FhD degree with the
University of Ruhuna Sri Lanks and defended the
thesis on 11 of June 2008.

Background

Upper gastrointestina complaints are very common
among the general population. Every day, alarge

number of patients seek medical adwice and undergo
investigations at government and private sector
hospitals for upper gastrointestinal complaints. Upper
gastrointestinal endoscopy units in  almost every
tertiary care hospital in Sn Lanka are overcrowded
with patients.

The patients present with a wide spectrum of
complaints  ranging  Fom  regurgitaton  to
haematamesis. Endoscopic  fndings are either
confined to cesophagus, stomach and ducdenum or a
combination of abnormalities in two or dl three sites
to a varying degree.

Ruhuna Sournal of Medicine July 2013, Vol 01, No_ 01
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Halicobacter pylari (Hpylori) is a bacterium that
inhahits the gastric mucosa and areas of gastnc
metaplasia in the duodenum. This organism 15 mostly
responsible for chronic gastntis and it 15 a key
etiological factor in the pathogenesis of peptic ulcer
dizease. Two Australian pathologists, Robin Warren
and Barry Marshall isolated the particular organism
from gastric tizsue for the frst timein 1982 (1)

The infection 13 acquired during childhood, persisting
as chronic gastntis 1f the orgamsm 1z not eradicated.
The exact mode of transmission of the Hpylord
infection iz unclear, but intraspithelial cdustering
suggests person-toperson spread, either oral-oral or
faeco-oral. Due to the progression of gastntiz over the
years, gastric mucosaundergoes a sequence of changes
that may lead to glandular atrophy, intestinal
metaplasia increased risk of gastric dysplasia and
carcinoma. The organism is also responsible for gastric
mucosaassociated B cell lymphoma

The prevdence of Hpplorf 15 high in developing
countries ranging from &0%-90% of the population (2-
4%, More affluent countries show lower prevalence
fgures around 25-50% (5-7). Reported prevalence data
from S0 Lanka showed awide vanation (8-117.

The prevalence of Apylorf infection was studied in
251 patients referred for upper gastrointestinal
endoscopy at the Teaching Hospital, Karapitiva from
Movember 2005 to June 2007 Age of the subjects
ranged from 15-84 years and 134 of themn were males.
Fatients whose upper gastrointestinal endoscopy is
contraindicated due  to bleeding  disorders,
decompensated cirthosiz and those who were on
anticoagulant therapy were excluded from the study. In
addition to that patients who have taken specific
Hpylard eradication therapy during the previous 6
months and who have consumed antibiotics active
against H pylord during the 4 weeks preceding the
endoscopy were also excluded.

During the procedure, nine gastric hiopsy specimens
{antrum-5, corpus-4) were obtaned for investigations.
The ethical approval for the study was obtaned from
the Ethics Rewiew Committes, Faculty of Medicine,
Galle.

The association between
histological abnormalities

4 complete upper gastrointestinal endoscopy was
performed in each patient Of the 251 patients, 175
(69.7%) had abnormal findings 1n the stomach. The
most frequently detected endoscopic abnormality was
gastritis. Of the patients who had gastritiz, 49 (67 1%4),
22 (30.1%) and 2 (2.7%%) had pan, antral and corporal

endoscopic  and

gastritis respectively. Minety (35.9%0) patients had
abnormalities in the esophagus while only 13 (5 2%)
patients had endoscopically detected abnormalities in
the ducdenum. In one previous Sn Lankan study,
gastritis with or without duodenitis was the most
frequent shnormality (one third of cases) detected
among patients who had non-spec fic upper ahdominal
symptoms (12). Duodenal shnormalities were less
frequent among the sample population studied
Similatly, in another S0 Lankan study, duodemtis and
ducdenal ulcer contributed to 3% and 3% cases of
upper gastrointestinal bleeding respectively (13).

Five gastric biopsies were obtained for histology.
Three were collected from the gastnc antrum 2-3 cm
away from the pylorus from the distal parts of greater
and lesser curves. Two biopsies were obtained from
the corpus in a similar manner. Formalin fized biopsy
specimens were processed and stained with both
Haematoxylin & Eosin (H & E) and modified Giemsa
stains. The histological findings of gastnc mucosa
were interpreted according to the updated Sydney
system (14,

Histological abnormalities were detected 1n 222
(B8 4% patients. Altogether 217(86 5% patients had
chronic gastritis. Among them 182(83.9%0), 29 (13 7%
and 6 {2.8%) had pan, antral and corporal gastritis
respectively. Of the 217 patients wath histological
chronic gastritis, 71 (32.7%) were correctly detected
endoscopically while 146 (67.39%) were not detected
endozcopically (sensitivity = 0.33, specificity = 0.94)
(kappa=0.096).Two  patients  hawing gastritis
endoscopically had  normal  gastnc mucosa
histologically.

Analysis of our study showed that endoscopy had only
32.7%  sensititivy  in detecting  histologically
matifested  gastritiz.  Howewver 1t showed 94%
specificity. Poor to moderate sensitivity of endoscopy
in detecting gastritis was seen irrespective of itz
topographic distnbution. This chservation shows that
endoscopic gastritis does not always coincide with
histological gastritis. Various gastroscopic features
may he interpreted as signs of gastntis, but the
significance  of such  features 1n  relaton  to
histomorphology 15 less clear in many cases. The
macroscopic features of gastntis recorded incude
erythema, inflammation and erosions of the gastric
mucosa, treduced height and increased distance
hetween rugae in the gastric corpus, and presence of
visihle wvessels. Results showed that morphological
features recorded were insensitive to detect gastnitiz in
a maority of cases and if gastritis 15 suspected those
patients should be subjected to hiopsy and histological

Ruhuna Sfournal of Medicine Julvy 2013, Vol 07, No. o7
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Tahlel Sensitiwity and specificity of different Hpylosd diagnostic techni ques when histology (H & E or modified

(etnsa) was taken as the gold standard

True True False False
Test Positives Negatives Positives Negatives Sensitivity Specificity
Urease test (n=210) 36 &7 31 78 32% 68%5
Serology (n=125) 3 63 2 57 5% 07%
Culture (=62} 2 32 1 27 T 07%%
H&E "alone (r=251) 91 127 0 33 T3% 100%%
ietnsa alone (r=251) 101 127 0 23 81% 100%
THemat cxydin and Eosin
Tahle2 Zensitiwity and specificity of A pylari postivity in antrum and corpus when compared with the “gold
standard” in which two staining methods are taken together
True True False False
Test Positives Negatives  Positives  Negatives Sensitivity  Specificity
H pyiori in antrum (HE&E alone) 88 127 0 36 T1% 100%%
Hpylori in corpus (H&E alone 35 127 0 &9 28%0 100%:
Hpplori in antrom (Gietnsa alone ) 98 127 0 26 T9% 100%%
H.pvlord in corpus (Giemsa alone) g1 127 0 33 3% 100%:
THematoxylin and Eosin

Table3 Theassocation between drug usage and upper gastrointestinal dizeases among patients and controls

Peptic ulcer disease Contirols Cases P OR{75% CI) B
Arntithenmatic diugs  neverfinfrequent uwe 110098 2% 3T 2% 1

wred in the recent past 201.5%) 107 23.5%) =0.001 1715 (3.58 -52458,  <0.001
Aralgesics never/infrequent ure 109097 3% 2EA6.7%) 1

wred in the recent past 302.7%0 14{33.53%) =0.001 1817488 - 67.62y  <0.001
Artihiotics never/infrequent wse 112 C100%) 3ACE1.0%) 1

wred in the recent past 0 & 19.0%) =0.001 46.6;(9.45-229.3) =0.001
Gastro-oesophageal reflux
Arntithenmatic drugs  never/infrequent uwe 206098 0% 107(83.6%) 1

wred in the recent past 301.1% 20 16.45%0 =0.001 1740508 - 59.5) =0.001
Aralgesics never/infrequent ure 264098 1% 105082 0% 1

wred in the recent past 1990 23018.0 %) =0.001 11.604 28-31.2% =0.001
Artibiotics never/infrequent wse 206098 0% 116090.6%:) 1

wred in the recent past L% 12 (9.4%) =0.001 017 (2.54-33.10 =0.001
Gastritis
Artitheumatic drugs  neveriinfrequent use 2E08.6%) 140082 4% 1

wred in the recent past 4 (1. 4% 30017, 6%) =0.001 151052 - 43.8% =0.001
Aralgesics never/infrequent wse 2E0797 9% 131077 1%y 1

wred in the recent past 6 (2. 1%a) 39 022.9%) =0.001 138 (5.7 -33.4) =0.001
Artibiotics never/infrequent wse 2B3799.0% 145085 3% 1

used in the recentpast 301.0%0 25 014,758 =0.001 16.21¢4.82-34.500  <0.001

F#*= cortrasts proportions in two groups and cal colated vsing Cli-
sguate test

F**= P for odds ratios

Ruhuna Sfournal of Medicine July 2013, Vol 07, Mo, 07
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Tahled4 The association between socia hahits and upper gastrointestinal diseases among patients and controls

Peptic ulcer disease Conirols Cases { 25 OR( 75% CI) Bt
Smoldng NEVEr 82073, 2%%) 30073, 2% 1

EVEr 30026, 8% 11026, 8% 1 1.000045 -2.24) 0.98
Aleohol consumption never 34075 0%) 25061 . 0%) 1

EVEr 28025, 0% Lap 38, 0%y 0.09 1.9270.59 - 4.10% 0.11
Gastro-oesophageal reflux
Smoldng NEVEr 209077 ) PR oy 1

EVEr B0 (22.3 %) 35027.6 % 0.24 1330082 - 2.15) 0.24
Alcohol consumption NEVEr 203 (75.5%) 82 (6d.6%) 1

EVEr 66 (24, 5% 45 (35 4%) 0.031 1.69¢1.07 - 267 0.03
Gastritis
smoling newver U775 9% 118069 4% 1

EVEL 69 (24, 1%) S2030.6%) 0.081 1.38¢0.91 - 212 0.15
Aleohol consumption never 211073 8% 102040, 0% 1

EVEr 75026, 2% 5 (40.0%: 0.002 1.88¢1.25 - 2813 0.002
F*= contrasts proportions in two groups and caloulated vsing
Chi-seare teg.
P##+=F for odds ratios

examination even though endoscopic findings are
negative.

Prevalence of H.gyloriinfection

The prevalence of A pylorf infection was determined
by histology. A particular patient was identified as
positive when ether H & E or Giemsa stained
histology demonstrated morphological evidence of A
Dylariin at least one biopsy specimen.

Oweral prevalence of A pylordf in the study sample
was 49.4%. Thiz contradicts the popular belief that
Hpylard infection is wery high among patients in
developing countries. Fernando af af (15) have shown
a similar prevaence of Hpylor? (46%) among 100
consecutive  5r1 Lankan patients  with  upper
gastrointestinal disease. Other studies from 5n Lanka
have reported similar low prevalence figures of 30-
40% (16-18). In contrast to shove studies, one 5ni
Lankan study using PCR reported a higher prevalence
of 75.4% of infection among 57 dyspeptic individuals
(). Histologically, 52.5% of patients with chronic
gastritis and 41.4% patients with gastnc ulcers had
Hpylard, According to the distnbution of gastritis, the
prevalence of H pylord in pangastntis and antral
gastritis was 53.3% and 48.3%, respectively. The
number of duodenal abnormalities was too amall to
determine the prevalence of infection in different
dundenal dizeases. Even though A pylord 15 the key
etiological factor in chromc gastritis, only 52.5% of

our patients with chronic gastntiz had A pylors These
fgures are relatively low when compared with other
Asian countries (2-4). Hopylord infection 15 known to
he agsoctated with low  socioeconomic  status,
overcrowding, unhygienic practices  and  poor
sanitation. Sn Lanka has better health care indices
cotnpared to other South Asian countries and that may
explan the low prevalence obhserved. Furthermore,
some culinary and medicinal plants used in 5 Lankan
cooking (e.g tumeric, cumnin, ginger etc) have shown
bactericidal and anti-adhesive properties  against
Hpylari(19).

The patients with histological ewidence of gastritis
{52 5%) had a higher prevalence of A pylord infection
when compared to patients with other diseases
(P=0.012). Furthermore, patients with histological
evidence of pangastritis (53.3%) had higher prevalence
of Hpylori when compared to patients with antral
gastritis  (45.3%), but the difference was not
statistically signifi cant (P=0.61).

Hence, it seems that A pylord infection in 3n Lankan
patients 15 associated with histologically mani fested
gastritis but not with its topographical distribution.
Small sample size may have limited the significance of
our analysiz. The well known association bhetween
antral gastritis and H pylariinfection observed in other
studies published 1n Asian and non-Asian countnes
was not apparent in this study (20, 21).

Ruhuna Sfournal of Medicine Julvy 2013, Vol 07, No. o7
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Sensitivity and specificity of diagnostic tests to
detect H.pgyfori infection.

Several tests are avalahle for the diagnosiz of A pylord
infection. Depending on the need of endoscopy they
are categonzed into two groups; endoscopic dependent
and endoscopic independent tests.  Endoscopic
dependent tests include histology, rapid urease test and
culture. Endoscopic independent tests include urea
hreath test, serology and H pylord stool antigen tests.
IMolecular diagnostic tests can either be dependent or
independent of endoscopy depending on the type of
material used for the diagnostic purposes.

Four diagnostic tests were used to detect the infection
in this study 1.e histology, rapd urease test, culture and
serology.

Histology was performed in all patients. Formalin
fized biopsy specimens were processed and stained
with both H & E and modified Giemsa stains. The
histological findings of gastric mucosa  were
interpreted according to the updated Sydney system

(14).

Ureasze test was perfonmed in 210 patients. For this
purpose two biopsy specimens each from antrum and
corpus were immersed in homemade urea solution
{22). The solution contained a mizture of urea, sodium
chloride, potassium dihydrogen phosphate and phenol
red as the indicator. Urease produced by A pylors
converted urea to atnmonia giving a change in colour
in the solution. A& positive test was indicated by yvellow
to pink colour change ohserved within 6-12 hours after
the immersion of the biopsy specimens.

Culture was performed 1n 62 patients. Two biopsy
specimens each from antrum  and  corpus  were
collected into 0.9% sterile saline stored at 4"C. Soon
after the collection the specimens were inoculated into
Columbia agar base (CM331) supplemented by laked
horse blood (SR 48) and H pylord selective supplement
(8E 147 The culture plates were incubated for 3 days
at 37°C under microaerophilic conditions (5%0, 10%
C0, 85% My using special gas lats (CampyGen
CHO00254). On the 4® day, positive cultures were
identified by colony morphology, Gram stain and
hiochemical testing (positive uraese, catalase and
oxidase activity). Positive colomes appeared discrete,
translucent and non coalescent and Gram  stain
revealed Gram negative curved bacilli. Subcultures
were performed as required.

COut ofthe 251 patients, a randomly selected subgroup
of 125 underwent Enzyme —Linked Itmmuno-Sorbent
Azzay (ELISAY for the detection of anti- A pylors Igd
and IgG antthodies in plasma For this purpose, S ml of

peripheral wenous blood was collected to EDTA
hottles. The blood samples were centnfuged, plasma
was separated and anti Applord Igd and oG were
measured using ELIS A test kits (Human Gesellschaft
fur Biochemica und Diagnostica GmbH, Germany).

Histologically, the prevalence of Hpplors in this
referred sample was 49 4% Culture isolated A pylars
from three patients. Postive urease achwity was
demonstrated in 67 patients either or both in antrum
and corpus. Four patients were positive for IgG only
while one patient was positive for both [g5 and [gd

The sensitivity and specificity of each diagnostic test
was calculated taking histology (either H & E or
ietnsa positive) as the gold standard. According to
the gold standard the sensitiwvity and specificity of
diagnostic methods are summanzed in table 1.

Histology was the most sensitive method for the
detection of Hpylord among these patients. Giemsa
staining showed a marginally better sensitivity when
compared to H & E. Urease test showed a moderate
senstivity and specficity while culture and serology
had lower sensitivity. As histology was taken as the
reference, both staning methods showed 100%
specificity. Serclogy and culture also showed a very
high specificty while urease test had the lowest
spec ficity.

There 1z no gold standard for the detection of A pylars
in clinical practice. We considered histology as the
gold standard in our study. Modified Giemsa stain was
used as a special stain to inprove the sensitivity and
specificity of diagnosing A pylar? as recommended by
the updated Sydney system (14). As the chosen gold
standard was based on these two technigques, both
stains, as expected, showed 100% specificity. Our
findings support the fact that modified Giemsa stain 13
relighle, less techmically demanding and easily
reproducible amongst many  avalable  staining
techm ques for Hpylarf (23).

According to our data, histology  from multiple
hiopsies representing different areas of the stomach
increages the detection of A pylard If endoscopist has a
practical limitation in obtaining multiple biopsies, a
single biopsy ohtained from antrum and staned with
modified Giemsa gives an acceptable sensitivity to
detect the organism (Table 2).

The rapid urease test when compared to histology,
showed relatively low specificity and senativity, 329%
and 8% respectively. This 15 not in line with many
other studies where the rapid urease test has reported
high specificity and sensitivity (24,250

Ruhuna Sfournal of Medicine July 2013, Vol 07, Mo, 07
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Table & Theaszocation between food habitsand upper gastrointestinal diseasesarmong patients and controls

Conirols Cases P+ OR{95% CI) | ik

Peptic ulcer disease
Consump Hon of tea Monefoccad onal 11(9.8%) 13731 0% |

=2 cups iday 101090 2%y 20049 0%} 0.002 0.24(0.10-0.58% 0.002
Consumption of acidic/mpicy fods  infrecuernt S10d6.4%) 19046 3% 1

frecuent S59053.6%)  2A537%) 1 1.0000.49 - 2.05) 0.98
Missing/delaying meals 113 T1064.5%0) 13031.7%0 1

Tes 30035, 5% 2868 3% <0001 39X182-843 =0.001
Frequeni iniake of fruitsivegetshles 110 81073, 6% 2AE3 T 1

Tes 20026 4% 19046 3% 0.019 2417114 5.0y 0.03
Frequeni intabe of starchy foods 113 63057, 3% 26063 4% 1

ves 47042.7%%) 15036.6%) 0.495 0.77(037 -1.62) 0.58
Satisfaciory intake of dairy foods 13 DR B%G) 330E0.5%0 1

Tes 19017.1%% 8 019.5%) 0.732 L7047 -2 94 0.81
Gastro-oesophageal reflux
Consunmption of tea Monefoccas onal 2208.2%) 3302590 |

=2 oups iday 247091 8% 95074 2% <0001 0250 14-046) =0.001
Consumption of acidic/mpicy fods  infrecuent 123046, 1% 44034 6% 1

frecuent 1447053, 9%  B3(654%) 0.03% Lall.0d -2.49 0.038
Missing/delaying meals 13 ladial 4% 320252%) 1

Ves 103035 6%y 95074 8% <0001  4.72(295-757) =0.001
Froguent intabe of frivisivegetdbler 110 184065 9%y TA(59 8% |

ves 83031.1%0) 51040.2%0 0.08% 1. 48(0.96-231) 0.089
Frequeni intabe of starchy foods 13 159050 6% al(48. 0% 1

ves 105740.4%)  AA(52.0%0) 0.039 1.53901.04 - 244 0.043
Satisfaciory intake of dairy foods 118 21209.1% 103081 1%y 1

Tes S6C209%)  24015.9%) 0.68 0.88(0.52 -1.50% 0.68
Gasiritis
Consumyp Hon of tea Nonefoccad onal 24 (8 4% 43 (25.3%) |

=2 oups iday 262091.6%)  127(747% <0001 027015 - 047 =0.001
Consumption of acidic/mpicy fods  infrecuent 128045 1% 52 (31.1%) 1

frecuent 156054 9% 115(68.9%y  =0.002 1.82(¢121-270) 0.004
Missing 'delaying meal 1o I710A0. 2% 43 (25.7%%) |

Ves 113039 8% 124074.3%) <0001  4.36(2.87 - 6.64) =0.001
Freguend intabe of frivisivegetdhler 110 1967 6% 104062.3%) |

ves 20324% A3 (377 015 1260085 - 1.88) 0.25
Frequeni intabe of starchy foods 13 171060, 2% 81 (45.5%) 1

ves 113739 8%y 36(51.5%  0.01 1610 1.09-2368) 0.016
Satisfaciory intake of dairy foods 118 2378 %y 133(70.6%) 1

Tes G221 8% 340204%) 041 0.91700.57 - 1473 0.81

P*= cortrags proportions in o groups and caleid ated vsing Chi-sqoare test

F**= P for odds ratios

Ruhuna fournal of Medicine Julvy 2013, Vol 07, No. 21
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Tahle 6 Comparizon of the quality of life of patients with upper gastrointestinal symptoms and the control group on the
dimensions ofthe WHOOQOL BREF

0504 Confidence

Donmain Mean SD Interval for Mean F P value
Lower Upper
Physical Patient  (n=126% 3544 177 51.3 57.5 45.0  0.000
Cotrol (=200 67.1 16.0 64.9 69.4
Paychological Patient  (n=1231 621 17.6 589 65.2 157 0.000
Cotrol — (n=179) 604 146 7.3 71.6
Social relationship Patient  (n=121% 606 217 367 64.5 1.2 0.283
Comtrol — (n=169y 633 21.0  60.1 66,5
Environrrnent Patient  (n=124y 630 150 60.3 65.6 1.5  0.221
Comtrol  (n=176) 650 130 3.0 66,9
Tahle 7 Effect of the A pyvlorf density on the quality of life arnong the symptotratic patients
0504 Confidence
Domain Mean 5D Interval for Mean F P value
Lower Upper
Physical Mone n=6%  56.6 172 525 (0.8 18 0.166
Ivild n=24  53.0 181 454 60.7
Moderate n=15 489 183 413 56.5
Paychological Mone n=67  65.1 165  Al.1 69.1 3.2 0.044
Iild n=13 594 193 511 67.8
Moderate n=24 552 173 479 62.5
wocial relationship Mone n=65  68.0 187 634 726 101 0.000
Iild n=23 558 218 464 65.2
Moderate n=15 487 19.0  40.8 56.5
Environtnent None n=67 6.2 145 626 69.7 5.2 0.007
Iild n=23 601 172 527 67.5
Moderate n=15 557 115 509 6.4

Since the urease solution was sterile and sterility was
maintained dunng the biopsy procedure, contarmination
1z unlikely for false positive urease test. Studies have
shown that hypochlothydric patients could harbor
many urease-positive bacteria in gastric mucosa other
than H pylord (26). The strong urease actiwity they
possess could be the reazon for fal se positive results.

Ewen though many studies have shown the sensitivity
of urease test to bhe around 80-90%, the sensitivity
ohserved 1z lower. The sensitivity can vary with the
site chozen for biopsy due to patchy distnbution of the

were positive 1n 7% and 84 4%, respectively (27).
Hence a false negative test could occur due to
sampling error. Satarasinghe, af 27 (16) have postul ated
that Sri Lankan Hpylord strans are different from
strains found elsewhere that they have shorter survival
and they produce inconspicuous rapid urease results.

Infection with H pplord induces several antibodies,
antt Hpylord oG, Igd and less frequently Ighd. Anti
H pylard IgM can be detected shortly after infection iz
acquired and IgG and [gd antihodies indicate a chronic
infection. In most studies the prevalence of infection

infection. In one study the gastric angle site was
positive in 100%, while the prepylonic and corpus sites

has been determined by IgG-type antihodies. Detection
of serum Igd or Ighl iz known to have poor
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dizcriminatory wvalue when compared to serum IgG.
Some investigators have reported a subset of patients
who are positive for Igd but negative for g
antihodies for Hpylorf (28).

In serology, the two cases wath false positive results
ohserved tnay have had a previous infection wath
Hpylari which resulted in persistently  elevated
antihody levels. Due to the patchy distibution of
Hpylari a sampling error could aeo have heen the
cause for the false positive results. & asrmlar picture
was ohserved in elderly people where the progression
of atrophic gastritis has spontaneously eliminated the
organism while a detectable level of antthody was
ohserved in serum (29) The false negative results could
be due to many reasons. It was reported that certain
test kits were not successful to detect the infection in
certain populations (30). In this study plasma instead
of serum was used.  Assurance was given by the
matufacturer that both plasma and serum would give
the same result when the test kit was used (31).

Culture of bhacterium which iz urease, oxidase and
catalase positive from gastric biopsy specimens 15 a
definitive proof of H pylord infection Howewver, the
ability to isolate the organism from infected subjects
varies widely atnong laboratonies. That makes culture
the most technicaly demanding H pylord diagnostic
test. Biopsy specimens must be rapidly transferred to
the laboratory in chilled transport medium. Upon the
receipt, the sample 1z ground or minced to produce a
homogenate which 15 inoculated on to freshly prepared
media. When these fastidious requirements are met,
culture yields positive results.

Ewen after fulfilling all these requirements, the
sensitivity  of culture wvaries among laboratories.
Moayyedi, and Dizon (32) have performed A pylord
culture wath the sensitivity and specificity of 90.5%%
and 99 2% respectively. In one study that compared
eight different methods for detection of Applord
culture revealed 55.9% sensifivity wath 100 9%
specificity (33).

Admimistration  of drugs  such  as antihiotics,
omeprazole or Bismuth— contamng drugs, three
months prior to the culture are likely to provide
negative results (34, 35). Recent users of proton pump
inhibitors were not excluded in our study and this may
have contributed to negative cultures.  Furthermore,
cotnmonly used non-steroidal anti-inflammatory drugs
(MBAID:) can also inhibit the growth of Hpylard in
vitro (36).

Cost of H pyori diagnostic tests

Of the four tests performed, histology was the most
expensive test. It costs around 4 - 5 US Dollars (USD)
per test to purchase consumables. Approzmately 2
hours was required to complete the test for one patient.

The estimated cost for man power for one test was 2
USD and therefore the total cost of the test was
hetween 6 -7 USD.

Many western countnies, where the prevalence of
infection 1z low, do not use histology in their routine
clinical practice. However, in 51 Lanka endoscopy
and histology are performed free of charge in most of
the government owned tertiary care hospitals around
the country. Hence, the cost factor has not limited the
diagnostic utility of this investigation.

Serology was the second most expensive test. Cn
average the consumahble cost for one serology test was
3.8 USD. Out of the total time required to perform the
test, approximately one hour was utilized for the direct
involvemnent of man power. The estimated cost for
tnat power per one serology test was approzimately 1
IS0 and the total cost was 4.8 USD.

Culture was third in place when the total cost was
compared. But it was tmore tme consuming than
serology. It required around 2.9 USD for consumables
to perform the culture for one patient. On average, it
required about 1.5 hours to perform the culture. The
approxitmate cost for man power to perform one
culture test was 1.6 USD. The total cost was 4.5 USD.
Urease test was the cheapest of all tests. Since the
home-made urease solution was used, it required less
than 0.2 USD to prepare 100 ml of the solution and the
time spent was approximately one hour. One milliliter
of thiz solution was required per test, therefore the
approximmate cost of man power to perform one urease
test was | USD. Hence the totd cost for urease test
was 1.2 UsD.

There were certain limitations in direct and indirect
cost calculations. For histology, when calculating the
reagent volumes required for staining techniques, total
calculated wolume was more than the true volume that
was required. The reason 13 that once a staining
procedure was performed, reagent tanks were refilled
without waiting for the tanks to be emptied. So the
estitnate tends to be tnore than the actual wvalue
Furthermore, in all four diagnostic tests there were
varying tme periods with minimal  personnel
involvemnent e.g tissue processng time in histology,
incubation periods in serology and culture. This was
not taken into consideration when calculating indirect
costz. Bo the estirnated time was less than the actual
number of hours taken to perform the test.

The risk factors of peptic ulcer disease, gastro-
oesophageal reflux disease and gastritis - three case
control studies

Upper gastrointestinal diseases are known to he
associated with many risk factors. At the same time
there are many protective factors as well. However, 50
Lankan studies are scarce on this aspect. There are
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various beliefs and practices in the society baszed on
personal experiences of individuals but no documented
data are available. The impact of several possible risk
and protective factors in three upper gastrointestinal
dizeases; peptic ulcer disease, gastro-esophageal reflux
and gastritiz was studied by comparing the patient
group with a control group.

A hospital based control group (h=350) was selected
from attendees to the out patients department of the
same hospital seeking treatment for bnef illnesses.
Those who sought medical adwice, those who have
taken medication for, and those who have expenenced
any upper gastrointestinal  symptom  dunng  the
previous year were excuded from the study. Two
controls were selected for one case approximately after
strati Frng for age (anthin ten years) and sex.

Fatients from both test group and control group were
interviewed and basic information such as age, sex,
occupation, level of education were recorded with
presenting  complaint, past medical history, drug
history, soctal habits, food habits, samtary practices
etc. At the end of the interwiew, a brnef clinical
examination was petformed. The height and weight
were measured and blood pressure and pulse rate were
recorded whil e resting.

Risk and protective factors for peptic ulcer disease

The impact of nsk factors on the development of
peptic ulcer disease has been shown to vary among
different populations. Factors such as A pylort
smoling, alcohol use, and NZSAIDs use are well
documented nsk factors for peptic ulcer disease (37,
38).

Cases for this part of the study were selected from the
study sample. There were 56 patients with peptic ulcer
dizease (male/female: 31/25) and they were compared
with 112 controls (maleffemale: 62/50).

Cases and controls had significant differences with
regards to socio economic status type of drinking
water and physical activity, Stnoking and alcohol
consumption were not different between the two
groups. When compared with the higher socio
econotmc group, people in the middle group had lesser
tendency to develop peptic ulcers. People who did not
drink boiled cooled water regulatly had lesser chance
of having ulcers when compared wath people who
regularly drank boiled cooled weater. Similarly less
physical activity was seen as a nisk factor for ulcer
dizease. Anti-theumatic and analgesic use increased
the risk of peptic ulcer disease. Apart from frequent
frutfvegetahle consumption and missing/delaying
meal s which increased the risk of peptic ulcer dizease,
other food habits examined in thiz study showed no
association.

Studies have shown that aspirin has a significant
impact on both ducdenal ulcer and gastric ulcer (38)
Ewen though smoking has not being a significant nsk
factor among the group of patients used in this study,
it 15 a well established risk factor for peptic ulcer
dizease among both men and women (39, 400 In this
analysis, those who belonged to the middle sociad
class had a less chance of having a peptic ulcer
diseaze. One reason for this could be due to the less
stress they face by being in the middle social class.
Fathd ef alf40) suggested that stress 15 a significant
predictor of peptic ulcer dizease. They reported an
association hetween the self — reported stress involved
with dailly activwities and peptic ulcer disease. So the
less mental stress generated by being in the middle
social dass may have been aprotective factor.
Adaptation of healthy practices had no sigmificant
protective effect against peptic ulcer disease among
our patients. In this study, hedthy practices such as
personal hygiene, proper disposal of faeces and
hygienic garbage disposa were considered. Deficiency
of most of these practices has an effect on transmission
of Hpplori infection. There are many studies that
highlighted the importance of samitary practices on
transtnission of A pylorfinfection (41, 42).

Gastro-oesophageal reflux disease
Gastro-oesophageal reflux disease was  diagnosed
according to the cnteria descnibed by Devault and
Castell (43).There were 142 patients with gastro-
oesophagea reflux (MalefFemale 75/67) and they
were compared with 269 controls  (Maleffemale:
1471122).

When compared with the higher socoeconomic class,
subjects in the middle class had a lesser risk in
developing the reflux disease. Compared with regular
consumners of boiled cooled water, people who never
consumed botled cooled water had a lesser rigk of
getting the dizease. While smoking had no effect,
alcohol consumption increased the risk of reflux.
Consumption of tea more than twice a day reduced the
risk of reflux while intake of anti-thewmnatics,
analgesics or antihiotics and missing/delaying meals
predisposed the reflux  disease. While frequent
consummption  of frutivegetables had no  effect,
frequent intake of spicy or starchy food increased the
tisk ofthe disease.

Obesity has long been considered to cause gastro-
oesophageal refluxz. The mechanism by which ohesity
causes reflux is not clear, although there 15 some
limited data suggesting that hiatus hernia may be the
causal link between obesity and reflux (44) However
in thiz study there 15 no significant difference between
the tmean body weight of the cases and controls.
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Conststent  wiath  the studies reported, alcohol
consumption has been a significant risk factor 1n our
group of patients (45).

Among the bad food practices, missing or delaying
meal s frequently was a significant risk factor identified
in thiz study. Many studies have shown an association
bhetween food habits and reflux disease. In some
studies, the prevalence of reflux  disease  was
significantly lower in subjects talang fruit and
vegetables frequently (45, 46). But this association was
not seen among our subjects.

Sedentary life style was identified as a significant risk
factor in thiz study. Compared to very active category,
subjects in less active groups had more chance of
developing  reflux  disease.  Studies carried  out
elsewhere support this protective role of physical
activity on reflux disease (44, 45). Some suggest that
physical activity at work appears to be arisk factor for
frequent  reflux  symptoms, whereas recreational
physical actiwity appears to be benefical aganst the
development of reflux disease (470

Being in the middle social class was a protective factor
for gastro-oesophageal reflux disease. Less stress
associated with middle class life style would be the
plausible  explanation. In  previous  studies,
psychological, physical and social stresses were known
to increase reflux symptoms (46, 48).

CGastritis

Apart from the etiological agent H pylard, other nsk
factors of gastritiz are not well known. Factors that
promote non H pylard gastritis except dcohol have not
bheen studied extensively. There are different beliefs
among people that some life style practices induce
gastritis.

There were 217 patients wath histologically confirmed
gastritis (Male/Female: 1171000 They were compared
with 286 controls (MaleFemale: 1607126,

In our sample of patients, being in the middle social
class, frequent consumption of tea and healthy
practices during day to day activities were significant
protective factors against the development of gastritis,
Bad food practices such as frequent consumption of
actdic/spicy food, frequent missing or delaying meals
and frequent consumption of starchy foods were seen
as significant risk factors for the development of
gastritis. Sedentary life style and consumption of
alcohol too were significant nsk factors for gastritis.
Drinking of ordinary water instead of boiled cooled
water had a significant protective effect aganst the
development of gastritiz. Use of drugs in the recent
past such as anti-rheumatic drugs, analgesics and
antihiotics appeared to be sigmificant risk factors for
the development of gastritis. Alcohol induced gastritis
1z a well known phenomenon in etiology of gastntis as
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shown in many studies (49, 500 Thiz study also
showed that alcohol 15 a signi ficant risk factor.

There are some studies that favour the increased
association bhetween acidic and spicy foods wath
gastritis. Atisook ef &l (51) showed that dietary habits
of Tha had a greater influence on gastntis. Intake of
hot and spicy food and capsicum was related to
gastritis in the Thai population. They dszo suggested
that seafood and fruit may be protective against
mucosal injury induced by hot and spicy food.

The use of drugs such as NSAID: and analgesics has
heen shown to increase the nsk of gastritiz, Atisook af
al (517 has identified NSAIDs as ancther nsk factor
inducing gastritis among Thais. Ther study suggested
that the nationwide incidence of pangastritis correlated
well with common use of aspinn and non prescribed
medications.

There are no studies to support that physical activity
hasz a direct relationship with gastntis. Yet there are
evidence to suggest that excessive physical exertion
result in upper gastrointestinal disturbances that has
bheen ohserved in long distance runners (52). Since
recreational  runners were not  affected by such
disturhances, regular physical actwity tmay not
generate  gastrointestinal  disturbances (533 The
psychological stress associated wiath sedentary life
style may have contributory effects on gastritiz. In the
group of gastnti s patients used for the study, those who
belonged to the middle social class produced less stress
and therefore more protective against gastritis.

The assoctation of drug usage, social habits and food
hahits with the three upper gastrointestinal diseases iz
summarized in tables 3, 4 and 5 respectively.

Measurement of guality of life in patients with
upper gastrointestinal symptoms; a comparative
study

Upper gastrointestinal symptoms are very cotmmnon in
clinical practice. However the effects of these long
term symptoms on the physical, psychological, social
and environmental well being are not well known
There are sufficient studies to indicate that upper
gastrointestinal symptoms are associated with poor
Q0L in affected individuals. However head to head
comparisons of these studies are not possihle as they
have different entry critena and have used different
scales. In this study, the wvalidated Sinhala translation
of World Health Organization Cuality of Life BREF
(WHO QOL BEEF) questionnare was used on 126
patients of the same patient group and 200 controls to
study the impact of these symptoms (54 As it
contans only 26 gquestions representing the four
domains, this scale 15 convenient to be used in busy
endoscopy setups. Further, it takes less time to 81 the
information and the patient acceptance was also good.
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Both groups completed the questionnare that asses
Q0L in fowr domains;, physical, psychological,
enwirontnental and socia rel atonship.

The overall QOL for patient group was 59.9 whereas
the overall QOL for control group was 66.6 (p=0.001).
Eesults showed that in all four domains, patients
scored less than controls indicating that patients had
poor QOL when compared to controls. Differences in
physical (p <0.001) and psychological (p <0.001)
dotnains were wider and were statistically signifi cant
Although the differences in social relationship and
enwirontment dotmains showed smilar trends, they were
not statistically sigmficant (Table &) Most of the
availahle scales were confined to measure the gquality
oflife in specific disease categories such as the gastro-
oesophageal reflux  disease, but not in a broader
spectrum of people with common symptoms. Madisch
af &l (557 descnibed the impact of hearthurmn on patients'
Health-Related Quality of Life (HEQOL) using the
validated Cuality of Life in Reflux and Dyspepsia
gquestionnare (QOLEAD) The guestonnare had
domains for daly funchoning, impared witality,
emotional distress and sleep disturbance They found
that overall HRQOL was impaired across al domains
and stated that there was conststent evidence to believe
that hearthurn substantially impairs all aspects of
health-related guality of life. Kinoshita af af (567 also
reported that as in Western countries, QOL of the
Japanese patients with gastro-oesophageal reflux
dizease was significantly decreased in comparison to
those of healthy individual s,

The effect of density of H.pylori colonization on
guality of life.

The association between A pylort density and gquality
of life of the patients within the group was also
studied. The denaty of A pylord colonization within
the patient group was graded as none, mild and
moderate.

There was no significant difference in the mean scores
of physical (P=0.31) domain. However there was a
significant difference in the mean scores of social
(P=0.001), enwironmental (P=0.01) and psychological
(P=0.044) domains depending on the degres of
H pylard colonization (Table7). This might be due to
the known association of A pylord infection with poor
socioeconomic status and unhealthy environment (57,
587, People who belonged to less privileged groups
probably had higher tendency to carry Hpylard and
therefore when their QOL was analyzed the particular
association  of poor  socioeconomic  status and
unhealthy environment with the dizease might have
heen revealed.

The significant effect of Hpylord density on the
paychological domain could be related to the stress.

11

We can hypothesize that when the Hpylorf density iz
more, the severity of dyspeptic symptoms would he
more resulting in psychological stress.

Moayyedi o a! (590 found that H pylard is
significantly associated with dyspepsia and suggested
that the organism may be responsible for 5% of upper
gastrointestinal symptoms 1n the community. Animal
studies have demonstrated that A pylerd infection
influences the development of gastnc mucosal imury
in the early phase of stress exposure (60). Therefore
stress and Hpylord seem to exert their effects in a
vicious cycle. Yet a controversial theory put forward
by Stone et al (61) indicates that A pylord infection
does not play an important role in overal symptoms of
dyspepsiain a community.

Conclusions and recommendations

Thiz study reveals that more than 80 % of the patients
referred for upper gastrointestinal endoscopy had an
abnormality.  Although  national  guidelines  for
endozcopy were not developed, our fndings show that
current referral system 1z appropriate and welds more
positive than negatiwve results. This reflects that
clinicians use the endoscopy service judiciously to
avold unnecessary referrals. Furthermore, endoscopy
provided information which could influence the short
term and long term management of many patients.
Therefore it 15 a very benefica investigation for our
clinical sethings.

Among  all the abnormalities  detected, gastnc
ahnormaliies  were  commoner.  Most  common
abnormalities found were gastritis and gastric ulcers.
The third most common abnormality was gastro-
oesophageal reflux disease Duodenal abnormalities
WErE rare among our patients.

In the sample population, B&6% of patents had
histological evidence of gastritis but endoscopy fissed
the diaghosis in about 0% of the patients with
histological gastritis. Hence endoscopicaly normal
mucosa does not exclude gastritis. If gastntiz iz
suspected on clincal grounds or 15 considered in the
differential diagnosis, a biopsy should be obtained for
histological examination even if gastric mucosa
appears to be normal on endoscopy.

The overall prevalence of A pylarfinfection among the
patients was 49.4%. Thiz 15 very much less than
expected. Most of the developing countries in Asia
especially our neighbounng countries such as India,
Fakistan and Bangladesh record high prevalence rates.
Ewen more affluent countries in the region such as
China and Japan also have reported relatively high
prevalence rates. Our prevalence figures are closer to
those of Western countries.
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The prevalence of infection among different disease
categories was found to be low in the sample studied
Eeports from other countries, both developed and less
developed, indicate that the infection i1z highly
prevalent among the patients with gastritis and gastnc
ulcers. In the sample population, the prevalence of
infection was around 50% for both disease categones.
The low prevalence of infection, question the role of
Hpylari as  an  etiological  agent in upper
gastrointestinal diseases 1n our country. Factors that
prevent Hpyplord colonization of the gastric mucosa
should be explored further. If food or hygiene related
factors are found to be responsible for the low
prevalence of infection among Sn Lankans, they can
heused to control the infection in other populati ons.
Generally the disease 1z known to be related to low
socio-economic  status and  poor samitation.
Improvement of socio-economic status and sanitary
practices in the recent past may have limited the
transmission of infection. Most Sr Lankans have easy
access to heathy drinking water. In all three case
control studies, people who drank water without
boiling had a low prevalence of maor three upper
gastrointestinal diseases. Whether unboiled water has a
factor which prevent Hpyplord colomzaton and
whether it gets destroyed during the process of boiling
should be considered.

There may be certain genetic factors that prevent the
infection. Since the majority of the study sample
constituted of Sinhalese, a genetic factor protecting
them from infection 15 a possibility. However there iz
no such evidence to prove this theory. Certain culinary
and tnedicinal hetbs used 1n 51 Lanka might play a
role aganst Hpylord 4z demonstrated by studies therr
bactericidal and anti- adhesive properties against
H pylard could be protecting Sn Lankan people from
colonization by thiz bacterium. We recommend further
studiesin this area

Since Hopylors 15 associated with a little more than
50% of people with gastritis and gastric ulcers, hlind
antt Hpylord therapy in these cases 12 not justifiahle.
Therapy  should be given only to  those with
demonstrable Hpylord preferably in the histology
specimen stained by the modified Gimsa staining.
Histology appears to be the most reliable way of
detecting the organism in our settings. Endoscopist
should make an attempt to obtain multiple biopsies
representing different areas of the stomach to increase
the detection of Hpylors and to get a better idea about
the musocal changes. If endoscopist has a practical
limitation in obtaining multiple biopsies, single biopsy
ohtaned from antrum and staned with modified
(Titnasa can be recommended. The approprateness of
the urease test which is the second tnost comtnon
method of detecting Hpylord in our hospitals needs to
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be reconsidered. Although histology takes more time
and relatively expensive, it appears to be the best
method for the detection of the orgamism. The yield of
the histology can be augmented by having the services
of a histopathologist who has a special interest in this
area due to the difficulty in recogmzing the slender,
thin organism unless special attention 15 given to locate
them.

Iany risk factors for gastntis other than A pylors were
identified in this study. There are commonly used drug
groups such  as  analgesics, anti-theumatics  and
antihiotics that were identified as significant risk
factors for gastritiz in the sample population. Many of
these drugs can be obtained 1n 51 Lanka without a
doctor’s prescription. Therefore inappropriate use of
these drugs 15 very comimnon among 51 Lankan people.
Alcohol was identified as a significant nsk factor for
gastritis. Many bad food habits practiced by Sn
Lankans also act as significant nsk factors. Skipping
and delaying meals, frequent use of spicy and acidic
foods, and consumption of starchy foods contnbuted
significantly. Thiz study shows that there are many
factors that can be used to prevent people from getting
gastritis other than eradicating H pylard Discouraging
the indizcriminate use of drugs, modification of
lifestyle practices and proper eating habits  are
important components in the management of gastritis,
Slapping and delaying meals are common practices
among school children and working class. Reflux
symptoms are common among these groups and they
should be advised to take meals at regular interval s,
According to the study  presented  here, upper
gastrointestinal symptoms cause signifi cant morbidity.
The symptoms have a significant impact on the
physical and psychologica aspects of quality of life.
This aspect of life 15 often forgotten when dealing with
these patients. They should be treated to relieve their
symptoms promptly and should be followed up to
make sure that symptoms are kept under control. This
would minimize their symptoms and improve the
gquality of life. Further these patients should he
motivated during consultations to  improve their
morae.

The findings of thiz study would be helpful in planning
the management of individual patient, improving the
vield of endoscopic examination and adwvising the
cotnmunity on measures to be taken to prevent or
minitnize upper  gastrointestinal  diseases.  The
information could be uszeful to clinidans and health
policy makers. This information can be passed on to
the teachers and parents who can educate and reinforce
proper eating habits among children. Furthermore this
data can be used in planming future studies in this area
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Future studies

In 811 Lankan setup the most widely used investigation
to diagnoze Hpplrol infection 1z histology using
routine H & E staining The test 15 invasive, requires
endoscopy and therefore an additional burden to the
hospital setup where there 15 usually long queues at
endoscopy  units.  Furthermore,  histology is time
consutning and costly even though it 15 being done at
almost  all tertiary care units free of charge
Introduction of a non invasive test 1s beneficia to
diagnose patients without endozcopy. Using such a test
asymptomatic people can be screened, the response to
treatment can be monitored and subsequently patient
compliance will he better. Value of serology in this
context 15 poor since it has wielded low sensitivity and
specificity walues. H pylord stool antigen test is such a
non invasive test that 15 widely used in other countries
where prevalence of infection 15 low. The wvalidity of
this testis currently being studied.

We also intend to study the prevaence of A pylors
infection 1n different geographic locations 1.e Eastern
Frovince of 511 Lanka and among a different ethnic
group; Muslims. In multi-ethnic countries H pylorf has
heen studied extensively. There has been a variation in
prevalence fgures, strains  responsible,  wirulence
matkers, antirnicrobial susceptibility etc. Therefore, it
will be an important aspect of A pylosd infection to he
studied in Sri Lanka
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Bone turnover markers and prediction of bone loss in elderly
women

Lentora /
Dapartmert of Physiology, Faculty of Medicine University of Rufimna, Galle, Sril anka.

Abstract

Around 70,000 osteoporosis-related fractures occur in Sweden annually and approximately half of the women
in westem world will sustain a fragility fracture after the age of 50 years. Fracture preventive efforts require
the identification of individuals who are at high risk. Biochemical markers of bone turnover (BTMs) have
shown some degree of fracture predictability. There is also a correlation between rate of decrease of areal
bone mineral density (aBMD) and incident fractures.

In this study, the correlation between BTMs and rate of bone loss {change of aBMD and ultrasound variabl es)
over 5 years was investigated in the Malmoé OPRA cohort of 75-year old women {n = 506 to 601). In addition,
correlation of BTMs and bone metabolism, as assessed by scintigraphy, was tested in postmenopausal
women (n = 22). Finally, the effect of precision error on the longitudinal monitoring of change in aBMD was
assessed in elderly women (n = 690) and in eldedy men (n= 211).

There was a strong correlation between all bone tumover markers and the results of scintigraphy (total
skeletal uptake of “™Tcdabelled methylene diphosphonate), with no significant difference between the
markers of bone formation bone resorption. BTMs were correlated to the 5-year rate of change of aBMD,
especially in the legs and the total body, and 5year change in speed of ultrasound. When seral
measurements of BTMs were analysed, the mean value of measurements were correlated more strongly to
aBMD change than single measurements, and women with constantly high levels of BTMs had higher rates of
bone loss. Precision error of aBMD measurement by dual-energy X-ray absomtiometry has an influence on
the detection of individuals with aBMD change exceeding the least significant level. The calculated follow-up
interval for detection of a change in aBMD beyond the least significant level in more than half of the eldery
individuals ranged from 3-32 years, and was dependent on the equipment used and the skeletal site tested.
The results of this study indicate that currently available BTMs are associated with future bone loss.
However, these correlations may hot be strong enough to be predictive of bone loss at the individual level.
DXA also has some limitations when used in the longitudinal setting in elderly individuals. DXA is therefore of
limited use in the longitudinal monitoring of bone loss. Further studies with novel bone tumover markers may
improve the ability of BTMs to predict bone loss.

Corresponding author: Lenoral
=<rsjlenorai yahoo.co.ulc=

This study was performed In Malmé University
Hospital Lund Lnivarsify, Sweden and the resulis
wara indludad in a thesis with five published papers for
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Introduction

Bone is a dynamically and metabolically active organ
that 1z continuously subjected to resorption  and
formation by coordinated action of osteoclasts and
osteoblasts on the surface of trabecular hone

and in the Haversian canals {1). These two processes
are collectively called bone turnover or hone
remodeling and they are coupled in time and space.
Abhout 10 % of the skeleton 15 remodel ed each year (2,
allowing the skeleton to  adjust its strength to
mechanical stress and to repalr any microdamage (3,
4%, Bone remodeling 15 also necessary for maintaning
the metabolic function of the skeleton and calcium
homenstasis (5).

During the growth period 1n childhood and in
adolescence bone formation predominates; increasing
the bone size and strength until the maxmum bone
mass (peak hone mass) is reached in the 2™ or the 3™
decade of life (6, 7). After reaching the peak bone
mass, there 1z a state of equilibrium, where the rate of
bone formation equals the rate of bone resorption
After the age of 40 years the bone resorption starts to
predominate over formation. The aging process
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includes endosteal resorption, periosteal apposition,
trabecularization of cortical hone and increase in
cottical porosity. In women this process 15 accel erated
in the first few years after the menopause due to
estrogen  deficiency  (8).  Postmenopausa  women
decrease the aBMD or lose bone at a rate of 2-5% per
yvear (5). Individuals who lose bone at a fast rate can
develop osteoporosis and get fragility fractures at early
ages.

Osteoporosis 15 a  systemic  skeletal  disease
characterized by low bone mass, micro architectural
deterioration of bone tissue leading to increased nsk of
fragility  fracture, mmost commonly  affecting
postmenopausal women and elderly men. After 50
yvears of age more than 40% of women and 13% of
men in western countries are at a risk of developing a
fragility fractures at any site dunng the rest of their life
time (¥, Osteoporosis is diagnoszed by measunng hone
mineral density (aBMD) using dual energy X-ray
absorptiometry (DHA) and defined as aBMD value 2.5
standard deviations or more below the mean of young
female adult population It is important to i1dentify
individuals with osteoporosis and individuals with fast
hone loss to take preventive measures to  avoid
fractures. Fast bone losers are detected using DEHA
measuring aBMD at least one to two years apart. It iz
expensive and consumes time during which the woman
loges bone further.

Bone turnover markers, (BTMs) or hiochemical
matkers of bone turnover, are bone tissue proteins or
their fragments, or enzymes released from bone cells
during bone turnover. Proteins can be hy-products of
collagen  formation or  products  of  collagen
degradation, or non-collagenous proteins such as
osteocalcin or bone staloprotein. Enzymes, such as
bone-specific  alkaline phosphatase and  tartrate-
resistant acid phosphataze 5h, can also be used as bone
turnover markers. Bone turnover markers can he
detected in serum or urine. Ideally, they should reflect
only the activity of osteohlasts or osteoclasts. Bone
turmnover markers that are released predominantly
during bone formation or resorption are known as bone
formation or resorption markers, respectively (100
Bone formation and bone resorption are usually tightly
coupled in time and space and therefore, any marker
reflects the overall rate of bone turnover (11). Certain
bhone turnover markers may reflect different stages of
formation and resorption but they cannot reflect
dizease-specific processes or for instance distinguish
hetween the activities at corfical or trabecular hone
(110,

The main objective of this study was to investigate the
pozability of predication of bone loss over five years
usng baseline levels of BTMs as well as a send
measurement of BTMs. The effect of predsion error of
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DX A measurements on the assessment of repeated bone
densitometry in eldetly women and men was also
studied. In the first study it was aimed to study whether
hone turnowver, as assessed by total skeletal uptake of
Technetium  99-labelled  tnethylene  diphosphonate,
cotrelate more to bone formation matkers or to
resorption markers.

Materials and methods
These studies were conducted in Mamd University
Hospital, Lund University, Malmd in Southern Sweden.

Participantsin Study I

For thizs study {12) we recruited 22 post menopansal
women (aged 52-80 wears) out of the women who
sought medical advice or treatment for minor
orthopaedic problems, and who were free from the
condition that had originally brought them to the
clinic, from the registers of the orthopaedic clinic at
Ialmd University Hospital, Sweden. By the time the
study was started, the women who had ever been
treated with bisphosphanates or wotnen who had been
treated wath oestrogens or corticosteroids wathin the
previous year and women with bone active disease
were excluded.

Participants from the Malmé OPRA cohort, Study
In-v

The Malmt Osteoporosis Prospective Bisk Assessment
(OPEA)Y cohort consisted of elderly women who were
randomly recruited from the populabon registry of
IMami city (13-16). For the baseline investigation, 1604
women were invited by mal one week after ther
seventy-fifth birthday. Baseline recruitments took place
hetween Mowvember 1995 and May 1999, Of the 1,604
women invited, 1,044 (65%) particpated at baseline. Of
the 560 women who did not participate, 13 had died
shortly after the inwitation, 139 could not come because
ofillness, 376 were not interested or could not attend for
reasons other than illness, and 32 women could not be
reached despite repeated letters and telephone calls.
Baseline DA was performed on 995 individuals. The
women were invited for prospective follow-up wwsts
after 1, 3 and 5 years. At the S-vear follow-up, 691 had
second aBMD measuremnents performed at least one site,
and 551 women had completed both bazeline and S-year
gquantitative ultrasound scan (QUS) measurements.

In Study II, 601 women who had attended both the
baseline and the S5-year DXA measurements were
included {13). These women had baseline serum andfor
unne samples avalable and had not taken hormone
replacement therapy or hisphosphonates during the study
period.
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In Study III, 506 women who had attended both the
baseline and the 5-vear Quantitative Ultrasound Scan of
calcaneus (QUS) measurements were included (14,
These women had baseline serum andfor unne samples
available and had not taken hormone replacement
therapy or bisphosphonates dunng the study pertod.

In Study IV, 573 women were incuded (16). They
attended hboth the baseline and the S-vear DHA
measurements, and had g@iven serum  andfor unne
samples at baseline and at the 1, 3 and 5-vear follow up
measurements. The women included had not taken
hormone replacement therapy or bisphosphonates dunng
the study period.

In Study V, 691 women were included (15). These
women had a baseline and 5-year follow-up DIXA
meamurements avalable. In addition, 211 men from the
Mamd part of the MrOs study (the Osteoporotic
Fractures in  DMen Study) who attended DA
measurements at baseline and at the 5-year follow-up
were included. The MrO: study iz an international
multi-centre study on sk factors for osteoporosis and
fracture in eldetly men The men in the Malmd cohort
of the MrOs study were recruited from the population
registers of Malmd city.

Bone density mea sirements

Dual-energy X-ray absorptiometry

The total body, the total hip, the femoral neck and the
lumbar spine aBM D and bone mineral content (BLC)
measurements in the women were performed by using
a Lunar DPFX-L scanner (Lunar DPX-L; Lunar
Corporation, Madizon, USA) at baseline (Study I-V)
and after 5 vears (Studies II, III, IV and V). Men
were measured at the same regions of interest using a
Lunar Prodigy scanner (Lunar Prodigy, Madison,
U5 A), which uses the fan beam technique.

Chiantifative ultrasound of the calcanens

Ultrasound measurements were petformed in elderly
women at baseline and after five years wath a Lunar
Achilles® scanner (Lunar Corporation, Madizon,
US4y for the right calcaneus. The results were
obtaned as speed of sound (503 broadband
ultrasound attenuation (BUA) and the stiffness index
(Study I11).

Saryi and nrine samples

Serum and urine samples were collected for the
analysis of markers of bone turnover at baseline (age
75 years, Studies I1, IIT and IV, and follow-ups after
1, 3, and 5 wvears (Study IV). MNon-fasting blood
samples were collected between 0800 and 1300 hour,
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and serum was separated and stored wathin two hours.
First morming woid unne samples were also collected.
Serum and urine samples were stored at -80°C. For
Study I, non-fasting serum and urine samples were
collected at 0900 hour. The analyses for each bone
metaholic marker were done at the same time in order
to minimise inter-assay variability.

M easurement of hone tarnover markers

Markars of bone formation

Bone-specific dkaline phosphatase (5-Bone ALF) was
determined by using Metra BAP immunoassay (Quidel
Corporation), with an intra- and inter-assay coefficient
of wariation (CV) of 3.6% and 4.4%, respectively.
Serum intact and MN-tid osteocalcin (5-Total OC{H-
LIidE)) were determined by using the Elecsys N-MID
Osteocaldn Immunoassay (5-Total OC; N-MID®,
Foche Diagnostics), with intra- and inter-assay CV of
2.3% and 2.4%%, respectively. Serutn intact osteocalcin
(5-0C[1-497), serum total osteocalan (5-Total OC)
and serum total carhoxylated osteocalcin (5-cOC) were
determined by previously  descnibed,  in-house
protocols with intra- and inter-assay CV of less than
5% and 8% respectively, for all the assays (170
Briefly, protocols are two-site assays based on two
monoclonal antthodies (Mabs) 1n the combinations
3GE2HY (for 3-0C[149]), 2HI/6FY (for S-Totd OC)
and AF%3HE (for 5-cOC) Mab 3GE is specfic for
intact OC, Mah 6H9 binds to fragment Gly'-arg”,
Mab ZH9 recognizes fragment Arg™-Arg* and Mab
3HZ hinds to the same fragment (Arg™-arg*® but
prefers OC-containing gamma-cathoxyglutarmc acid
(Gla), with only 9% cross-reactiwty with non-Gla-
contaning OC (18)

Markers of bone resorption

Serum C-terminal cross-linking telopeptides of type 1
collagen (5-CT-I) was determined by Elecsys B-
Cross Laps® immunoassay (Roche Diagnostics) with
intra- and inter-assay CV  of 59% and 5.8%%,
respectively. Serum tartrate-resistant acid phosphatase
5h (8-TRACPSh) was assessed by a solid phase,
immunofized enzyme actvity assay as described
eatlier (19) wath an intra- and inter-assay CV of 1.8%%
and 2.2%, respectivel v,

Urinary deoxypyridinoline (U-DPD) was measured by
the Metra DPD Immunoassay (Quidel Corporation,
San Dnego, C& USA)Y wiath an intra- and inter-assay
CW oflessthan 12% and 10%%, respectively.

Lrinary osteocalcin
Urinaty osteocalcin (U-0C) consists of fragments less
than thirty residues in length from the middle region of
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the molecule (20). Three assays were used to analyse
various tmolecular forms of U-OC az  described
previously (210 Assays were based on the same Mabs
as the assays for serum COC (18). Brefly, the two-site
assay U-MidOC consisted of Mabs 6F2 and 3HE and
recognized the most abundant i d-molecule fragments
of U-0C (spanning residues 731, 7-29, 6-29, 931,
732 and 7-33). Two-site assay U-LongOC (2ZHY/EF)
detects only the longest U-0C fragments (7-32, 7-33)
with low affinity. Competitive assay U-Total OC (3HE)
also measures (in addition to the same mid-molecule
fragments) more truncated U-0OC fragments, starting
from residue Asp™ The intra- and inter-assay CVs
were 1.7% and < 12% (for U-MidOC), 4.3% and <
14% (for U-LongOCy, and 14% and < 27%% (for U-
TotalOC), respectively (210,

Urinary creafinine

Urinary creatinine was measured by the kinetic Jaffe
reaction with a Beckman synchron LI 20-4, with CVs
of 3% or less. All the measurements of unnary bone
matkers were corrected for unnary creatinine and
expressed as ratios (Studies I, II, III, and IV

Bone Scintigraphy

Bone scintigraphy procedure was performed wathin 28
days after the DA scanning (Study I) according to a
method  descnibed by Brenner ofF al (22). An
intravenous injection of 520 (517 + 15) MBq of ™Te-
MDF (Medronate®, Amersham International) was
given at 0900 hour. Whole body imaging was
performed directly (3 minutes) after injection and 5
hours after imjection (1400 hour). & double-headed
gatnma camera system  (Siemens  Multispect 2)
equipped with low-energy high-resolution collimators
was used for the scan.

Total skeletal uptake (TSUY of *"™Tc-MDP was
calculated using three minute images and five hour
images, excluding the unnary bladder and the soft
tissue uptake as descnibed by Brenner af al (22).

Results

Rasults- Study I

Done fumovar markers are correlated with fofal
skeletal uptake of "Tomethylene diphosphonate
(" Te-MDP)

The median TSU of *™Tc-MDP was 23% (range 5—
48%). There was a significant correlation between all
hone turnover markers, with r-values from 0.52 (p =
0.013) to 0.90 (p = 0.001). The two bone resorption
matkers had numerically higher correlations (3-
TEACPSh: r = 0.90; and 5-CTX-I r= 0.80) than the
bhone formation markers (5-Total OC: r= 0.72; and 3-
Bone ALP: r = 0.66), but the differences were not
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statistically significant. There was no correlation
between the TSU of "™Tc-MDP and age, weight,
body mass index or total body aBMD.

Resuits- Study IL

Prediction of bone loss using biochemical markers of
bare furnover

Annual change in aBMD waned hetween +0.4%
{spine) and -2.0% (femoral neck) Significant
associations (p < 0.01) in the aBMD change of the leg
region (derived from the total body measurement)
were found for four different 5-0Cs (standardized
regression coefficient -0.20 to -0.22), U-DPD (-0.19),
S TRACPSh (-0.19), S-CTX-1(-0.21), two of the three
U-OC orea {-0.167.

After adjustment for baseline total body BMC (hone
mineral content), associations were found for al 5-
OC:s (-0.11 to -0.15), two of the three U-0C: s (-0.14
to -0.16) and aBMD change at the total hip, and for
three of the four 5-0C:s {-0.14 to -0.15), 5-TRACPSh
{-0.11), two of the three U-OC:z (-0.14 to -0.15) and
aBMD rate of change at the femora neck There were
no sigmificant associations concerming change in
aBM D at the lumbar spine

Results- Study IIL

bone  furnower markers are  coirelafed  with
guantitative wirasound of the calcansus! S-year
longitudinal data

There was a correlation between all markers and
hazeline QUS measurements (Betagg values from -0.07
[p = 0.05] to -0.23 [p = 0.001]). When we evaluated
the correlations between the baseline hone markers and
S-year prospective changesin QUS, all three molecular
forme of serum osteocalcins showed correl ations with
changes of 503 and stiffness index (unadjusted and
adjusted for baszeline body weight) (Betaqa=-0.10 [p =
0.05] to -0.17 [p = 0001]) S-CTH-1 showed a
correlation with changes 1n So3 (unadjusted and
adjusted for weight) and unadjusted stiffness index
(Betag= —0.09 to —0.10 [p < 0.05]). S-TRACP 5b and
U-MidOCfcrea showed correlations with unadjusted
changes in 505 (Betagg = -0.10 [p = 0.05]). 5-Bone
ALP did not show any correlation with any of the
prospective changes in QUS, and none of the bone
turnover matkers correlated with prospective changes
in BUA before or after adjustment of baseline body
weight.

Resuits- Study IV

Serial assessment of serum bone fwnover markers
idantiffes wamen with the hichest rate of bone loss and
asteaparasis risk
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Baseline BTMs showed a weak correlation wath
change in total body aBMD, hut the association was
more pronounced when we used the average of two
measurements of each marker (standardized regression
coefficent from —0.12 to 0.23, p < 0.01). Adding a
third and a fourth measurement further strengthened
the correlation (with coefficients of up to -0.30, p =
0.001). Changes in BTMsz did not correlate to bone
loss as strongly as the average values. Women with
constantly high turnover lost significantly more bone
at total body (-2.6%) than women with intermediate (-
1.6%) or low turnowver (-0.2%, p for trend < 0.001).
They also had greater hone loss at the hip {-8.3%, -
6.0% and -5.1%, respectively; p = 0.01). Results were
similar in the subgroup of women with osteopenia.

Resuits - Study V.,

Effact of precision on longitudinal follow-up of bone
mineral densily measurements in elderly women and
mei

At baseline, aBMD (SD) in g/cm® for women was:
total hody (TB) 1.008 (0.093), total hip (TH) 0.857
(0,147 and lumbar spine (L3 0.987 (0.1907; ih men,
TE 1187 {0,097, TH 0.982 {0.138) and L3 1.240
{0.1907%. Precision etror (in gfcm®) for Lunar DPX-L in
women was 0.010 (TB), 0.028 (TH) and 0.016 {L3).
Frecision error using Lunar Prodigy for women was
0.009 (TE), 0.009 {TH) and 0.03% (L5}, Precision error
using Lunar Prodigy for men was 0.007 (TB), 0.014
(TH), and 0.031 (LE).

Mean change in aBMD (in gfcm®) per vear in women
was, for TB -0.003 {0.007), for TH -0.011 (0.016) and
for LS 0.004 (0.015). Corresponding results in men
were -0.003 (0.006), -0.006 (0.009) and 0.005 (0.016)
at TE, TH and L5 respectively.

The number of individuals with 5-year aBMD change
at TE that exceeded the L3C was 244 women (35 6%)
and 73 men (356%). The corresponding results at TH
were 265 women (41 4% and 78 men (38 6%); at LS
the numbers were 303 women (45.0%) and 51 men
(24 69%).

Monitonng time interval (e, L5C/median rate of
change in aBMD) for both populations was & years
(for TH aBMD) and 13 years (for LS aBMD). Based
on Prodigy precision data the momtonng time
intervals for women were 3 and 32 years for TH and
L5, respectively.

Diiscussion

To the best of my knowledge, this study as part of the
Mami OFEA study has been the largest study in
elderly wotnen to assess the ahility to predict bone loss
over several years. The design of the OPEA study has
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several advantages: it has (1) a well-defined population,
1) a high atendance rate, (1) a thorough
ascertainment of fracture, (1v) a long follow-up, and
{(w) the use of novel and estahlished bone tumover
matkers. The overall aim of the work described in this
study was to improve the prevention of fragility
fractures in the future. There are numerous nsk factors
for fragility fracture. Bone minera density is one of
the most important nsk factors that iz potentially
modifiable. For diagnostic purposes, a diagnostic
threshold 1z used for bone density test results, below
which the tetm osteoporosis 15 used. However, alarge
proportion of individuals who sustain a fraglity
fracture are not osteoporotic (4, 23, 24). Apart from the
fact that they do not take other nsk factors into
account, bone density test results only reveal the
current situation. They do not show the ongoing bone
turnover, thus, they do not provide information on
future changes in bone density.

There are several reasons for the development and use
of hone turnover markers. The work in these studies
tllustrates efforts to find ways of assessing future bone
loss by the measurement of bone turnover markers
(Study II and IIT), of how to improve this assessment
(Study IV), and to investigate whether some markers
are more specific than others (Study I-IV). Since the
time required to assess bone density changes with bone
density equipment iz very long (Study V), it seems
unreasonable to follow up compliance and effect of
anti-osteoporotic medication by repeated bone density
measuretnents.

Currently, bone turnover markers are being used
extensively in research applications and also heng
tested as tools for the management of metabolic bone
dizeases such as osteoporosis and Paget's disease in
clinical practice, becanse these markers are non-
invasive and relatively inexpensive. Monitonng of the
efficacy of hone-active drugs 1z currently the most
protuising  clinical  application  of hone turnover
matkers, because of the possihility of detecting a
change in the levels of bone turnover markers within a
few weelks of treatment (25-28) Some markers,
particularly resorption markers such as 5-TRACPSh,
S-CTH-I, U-CTX-I, U-NTX-I and U-DFD, and some
hone formation markers such as S-hone ALP and 3-
OC, have shown some degree of fracture predictability
in different populations {100, but the prediction iz not
strong enough to use in individua patents. The
fracture predictability  afforded by bone tumnover
matkers 15 weaker than the predictability afforded by
DXA (29, but it 15 somewhat inconsistent between
studies (30-347.

A high rate of bone turnover 15 associated with a high
rate of bhone loss and osteoporosis (35, 36). Early
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detection of individuals who are at high risk of
developing osteoporosis could be important for clinical
decsion-making. In  paticular, individuals  with
osteopemia and indiwiduals with a high rate of bone
loss may need more careful follow-up.

In Study II and III, baszeline bone turnover markers, in
patticular 5-0Cs, U-DPDvcrea, S-TRACPSh, 5-
CTH-I, U-LongOCforea and U-MidOC/crea could be
correlated to the rate of change of aBMD in the legs.
To some degree, there were correlations with rate of
change of aBM D in the arms, in the total body, in part
of the body, in the total hip and in the femoral neck.
Mone of the markers were found to be correlated to the
rate of change of aBM D at the lumbar spine; nor did 3-
Bone ALP and U-Tota OCicrea show any correlation
with rate of change of aBMD. When the correlation
bhetween bone turnover markers and 5-year change of
QUS waniables was examined, all markers except 5-
Bone ALP showed correlations with changes in Sof,
while none of the markers showed any correlation with
changes in BUA (Study III). When the mean of serial
measurement of hone tumover matkers was used
instead of haseline measurement, the correlations
hecane stronger as the number of samples used
increased, and the women wath constantly elevated
levwels of bone turnover markers had a significantly
higher rate of bone loss (Study IV).

In general, the correlation between hone tumover
matkers and the change in aBMD was not strong. The
strongest correlation coefficients were 0.22 when the
haseline levels were used and they were 0.32 when the
mean of four serial measurements was used. Mone of
the markers proved to be supenor to the others. Bone
formation and resorption markers had almost similar
magnitudes of correlations. This could be due to the
tight coupling of bone formation and resorption. This
1deais supported by the results of Study I in which no
difference hetween bone formation tmarkers and
resorption markers in TSU of *™Tc-MDP was found.
Bone turnover markers are released from the whole
skeleton. This tmay bhe the reason for higher
correlations with hone turnover markers at large
skeletal stes including the total body, the partial hody
and the legs, than smaller sites such as the femoral
neck and the lumbar spine (Study ITand IV).

IMany other factors also affect the clinical usefulness of
bhone turnover tatkers. Pre-analvtical conditions
affecting bone turnover markers such as age, gender,
menopansal state, ethmcty and recent fracture are not
controllahle, whereas other factors such as the effect of
food intake, physica activity and circadian rhythm can
be controlled {37). The OPEA study was designed to
control factors such as age, gender, ethnicity and
menstrual status. Samples were taken in the moming in
the non-fasting state, which could have affected the
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results, mainly the 5-CTX-I levels (38). Many other
factors such as time of the day, recent fracture and
level of physical activity may have an effect on bone
turnover markers. The study design was deliberately
not changed dunng the study period, and al samples
were collected in  the same manner to  make
comparisons possihle within the cohort.

Bone density has a smaller annual change or response
to anti-resorptive and anabolic treatment compared to
the response of bone turnover markers. Precision has
an effect on the shortest follow-up interval between
repeated scans. In the population-based cohorts in
Study V, several years were needed to detect a
significant change between tneasurements. The
estimated monitoring  tme intervals {1e. least
significant change / median rate of change in aBMD)
were between 3 and 32 years, depending on the site of
measurement and the equipment used. Cnly when a
high degree of bone loss 15 expected may a shorter
follow-up time bhe useful. Thus, DXA  has
shottcomings in detecting rapid losers and individuals
with a high nsk of developing osteoporosis.

Single teasurements of bone turnover markers and
follow-up measurements of DX A both have limitations
in their ahility to detect indiwiduals with rapid bone
logs. Berial assesstments of bone tumover markers can
substantially improve the ability to find individuals
with increased loss of bone density. Whether or not
intervals shorter than one year could be used to
improve the predictive ability of bone turnover
matkers remains to be evaluated.

Conclusions

There iz a correlation hetween levels of bone turnover
matkers and the rate of bone loss in eldetly women,
with warving degrees of correlation coefficients at
different skeletal regions. In general, bone tumover
matkers correl ate better with change in aBMD atlarge
skeletal sites, such as the total body, and weight-
hearing sites such as the legs, than with aBMD change
at specific clinicaly important regions such as the
femora neck and the total hip. Correlations between
hone turnover matkers and rate of bone losz become
stronger when serial measurements of bone tumover
matkers are used. The individuals with constantly high
levels of bone turnover markers have higher change in
aBMD. However, these correlations may not be strong
enough to be predictive of bone loss at the level of the
individual patient DEHA 15 used to monitor change in
aBMD to aid in treatment decisions. However, long
durations of follow-up are needed to detect aBMD
changes in elderly women and men that exceed the
least significant change DXA is therefore of limited
use in the longitudinal momtoring ofbone loss.
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Improving micronutrient status of the Sri Lankan population:
effect of iron and zinc fortified rice flour

Hettiarachcfii A4

Nuclear Medicine Unit, Faculty of Medicine, University of Rufiuna, Galla, Sri Lanka.

Abstract

In Asia, rice provides more than 70% of the energy in the diet. Rice is the single most important crop
occupying 34.0% of the total cultivated area in Sri Lanka. About 1.8 million farm families are engaged in
paddy cultivation island-wide, produce 2.7 million tonnes of paddy annually and satisfy around 95.0% of the
domestic requirement. As such, rice can be a good candidate for fortification with micronutrients because it
is the staple diet of all sectors of the population, consumed almost daily in large amounts in SH Lanka. This
intervention programme describes the feasibility of rice flour fortification to increase the micronutrient
intake and thereby to improve growth and status of iron, zinc and folate of Sri Lankan population.
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Introduction

Food fortificaton 15 an important aspect of a
nutritional intervention programme. The fortified food
products are expected to become the main source of
the specific added nutrient in the targeted population,
and help prevent inadequacies of those nutnents in
groups at risk. The effectiveness of such a programme
depends on whether or not the fortified food 1s
accepted, purchased, and consumed by them. Further,
factors such as the guality, tasts, and price of the
fortified products dso will play important roles.
Fortification programmes make a range of effective
investments that improve intake and status of
micronutrients, contribute to size and stature of the
population (direct effects), and improve cognitive
ability as well as scholastic achievements (indirect
effects).  Further, economic growth and poverty

reduction can also he achieved through iron and zinc
deficiency reduction (1),

Az in the other countries in Asia S Lanka faces
widespread  health and  nutntional  problems.
Micromutrient deficiencies strike both children and
women and surveys showed that deficiencies in 1ron,
toding, and wtamin A are the most damaging fonms
{2}, Anaetrnia iz a major public health problem in Sn
Lanka, affecting all segments of the population and
contributing to increased morhbidity and mortality rates.
In 2001 the prevalence was estimated as 32% among
non-pregnant women, 309 among pregnant wommen,
22% among adolescents, 21%  among  primnary
schoolchildren, and 30% among preschool children
{3). There have heen no reports on zinc status in the
51 Lankan school children until we undertook the
present study (4. Howewver, folic acid status among
adolescent gitls and nonpregnant, non-lactating young
women i Colombo has been studied and published
recently (5) which showed that 43% had low serum
folic acid concentrations and 47%% had low iron stores
with an anaemia prevalence of 12.9 %, Therefore, to
combat these defidencies a proper long term
nutritional intervention 15 a necessity.

In additton to the Mational salt fortification
programme, a fortification of wheat flour with 1ron
was tested out in 1995-19938  Wheat flour fortified
with 66mg/Fg of electrolvtic or reduced iron was
tested in a double blind, controlled trial 1n the estate
sector of Sn Lanka wath an aim to reduce the
prevalence of anaemia (). After two years of
intervention neither electrolytic nor reduced iron had
an effect on hasmoglobin concentration among study
subjects. The findings from thiz study suggested that
fortification of wheat fl our with iron was not beneficial
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in reducing anaemia in the population studied. Wheat,
however 15 an imported food item and as such not
feasihle for along term national food fortification. We
therefore, selected alocally produced cereal, the rice as
a suitable vehicle for fortification.

In most parts of the world, the average diet 1z
predomminantly cereal, with wheat, nce and malze
heing the staples. In Asia, rice prowides more than
T0% of the energy in the diet (7). Rice 1z the single
most important crop occupying 34 percent (0.77
million hectares) of the total cultivated area in Sn
Lanka About 1.8 million farm families are engaged in
paddy cultivation island-wide. S0 Lanka currently
produces 2.7 million tonnes of paddy annually and
satisfies  around 95 percent of the domestic
requirement (8). Rice provides 45% of total energy
and 40% of total protein requirement of an average Sn
Lankan. As such, rice can be a good candidate for
fortifi cation with micronutn ents becanse it 15 the staple
diet of all sectors of the population, consumed almost
daily 1n large atnounts in 5n Lanka The intervention
programme  was concemned with a nce flour
fortification to increase the micronutrient intake and
thereby to itmprove growth and status of iron, zinc and
folate of 3n Lankan population was conducted with
the approval from the Ethical Rewview Committes of
the Faculty of Medicine.

Materials and Methods

Investigation I Survey on rice flour consumption
patternThe rice, as flour 15 being used by 51 Lankans
in the preparation of their meals. But no data are
available on the level of consumption of nce flour par
se.  Therefore, a survey by usng a pre-tested
gquestionnare to study the patterns of purchasing,
consumption and acceptability of meals made out of
rice flour in a representative sample from Galle district
was conducted. The aim of this cross sectional survey
was to determnine the actual intake of rice and rice four
hased meals, as well as study factors that influence the
dietary intake of rice flour.

A two-stage stratified random sampling design was
used in the survey. Urban, semi-urban and rural
households of the Galle district were the domans for
strati fication. Fandotnly selected Public Health
Midwifery (PHM) areas (n=29) were the primary
census blocks. The income and expenditure survey in
2002 carmied out by Department of Census and
Statistics, S0 Lanka (%), has calculated that a sample
size of 1050 housing units would represent the Galle
Dustrict. We randomly selected streets in each PHIM
areas and then all housing units on that street were
included in the study. On average there were 35-38
households per street in the selected areas, so that a

2

total of 1096 households were randomly selected for
the survey.

The survey was implemented 1n March and Apnl 2004
and the interviews were undertaken after obtaimng
written informed consent 4 trained interviewer
vigited each house and either the head of the household
or the spouse or hbhoth were interwiewed. The
gquestionnare was used to obtain information on rice
consumption pattern -especially the quantity of rice
and rice Hour purchased and utilized by the household
during the preceding month. The ownership of the rice
growing fields as well as meal preparation practices
with rice flour in the household was also documented.
The social class of each family was defined by a
scoring  system  after considening the occupation,
aggregate family income, educational status of chief
house holder and the housing conditions (3). Social
classes were classified as class | {cumulative score of
19-20%; class 2 {cumulative score of 17-18); class 3
{cumulative score of 13-16); class 4 {cumulative score
of 9-12%, and class 5 (cumulative score of 4-8)
Intakes of rice and rice four were calculated using
following formul a ‘amewt cansumed x frequancy par
day x (mumber ofdavs per weekimonth)’

Investigation I1 Fortification of rice flour
and consumer acceptance of fortified rice flour
hased meals Fice flour was prepared a the Agro
Food Technology (AFT) diwision of the Industrial
Technology  Institute (ITD, Colombo by gnnding
brown country rice (well polished 6-8 % weight
reduction on polishing -Grade 23 to 300- 500 mesh size
using an electric gninder. Because of established high
hinavalability and proven efficacy (1070, the ferrous
sulfate and zminc oxide were selected as fortificants to
be used in thiz study. Fortificant levels used were 610
mg of elemental mineral (i.e, iron, zinc) to 1 kilo gram
of rice flour, based on guidelines adapted in other
countries (11, 12). To overcome the inhibitory effects
of phytates i rice, disodiumEDTA was included a a
molar ratio of 1;1 af iwron EDTA, a ratio that has heen
shown to be hoth efficacious and safe in previous
studies (13).  Folic acid was added to achieve the
concentration of 2 mg per kilo of nice flouwr and
162.85mg of drned ferrous sulfate (Fe20y) and
T4.12mg of zinc oxide (Zn0) powder were added to
gach kg of rice flour to obtain the desired level of
fortification. In addition, 385 08mg of disodiumEDTA
in dry powder form was added to each kg of rice flour
in appropriate groups in order to achieve a molar ratio
of 1:1 elemental FedisodiumEDTA and 0.7:1 of
elementa  zinc disodivmEDTA. The fortificants,
Fel O, and Zn0, were supplied by Dr. Paul Loltnann,
Germany, disodiumEDTA by AKZO NCOBEL,
Metherlands and folic acid by Glaxo Welcome through
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their local agent Greenfields International, 511 Lanka.
Blending the fortificants with nce flour was
accomplished at the ITI using a ribbon blender. Iron
and zmnc levels in the fortified rice flour were
measured by flame atomic absomption spectrometry (£
A485) in random samples of rice flour to confirm
Proper mixng.

Experimental meals were prepared at the Nutntion
Eesearch Laboratory, Department of Community
Medicine, Faculty of Medicane, Galle where the
fortified flowr was stored a ambient condition
Temperature ranged from 30°-40° C and relative
humidity on or above 80%. The meals made out of the
fortified flour a baseline, and then at monthly intervals
up to three months of storage, were subjectsd to
sensory evaluation for taste odour, acceptance and
texture. Duplicate fortified and control four (non-
fortified) samples were tested by panelists (n=13), in
the laboratory. The evaluation panel consisted of the
volunteers from the staff (academic (h=3), non-
academic (n=5) and students (h=5)) of Faculty of
Medicine. They were convened to test one type of
food per day on three days. On each day dishes made
out of fortified flour of different storage levels and the
control flour were tested. Three commonly consumed
rice flour dishes that were identified at the
consutmption swvey ie pifu  string hoppers and
aluwa were used.

Fitfu iz a flat small “droplet’ prepared by mixing rice
flour with water and coconut and steamed on a pre-
heated water pan.  Stnng hoppers are thin noodles
made out of preheated rice flour and mized with water
and then steamed. Aluwa is sweet cake made from rice
four mized with tricle/ sugar and water, cooked and
spreaded on aboard. The formulae of the meals used
in this study are the ones commonly practiced by Sn
Lankan people.

The sensory evaluation was based on testing for
multiple szample difference n  quality  attributes
following the procedures used in India (14).  The
panelists evaluated the coded meds based on taste,
colour, odour and acceptability, using a hedonic scale
of -5 to +5, with zero being the value assigned to the
control food made with unfortified flour. The panelists
were also invited to make comments on the evaluation
forms. In additton, the technicians who were
responsible for prepanng the meals kept records of
their ohservations on the characteristics of the
uncooked flour dunng their preparations.
Investigation III: Determination of the
hioavailahility of iron and zinc from folate-fortified
rice flour and study of the enhancing effect of
disodium  ethylene- diamine- tetraacetic-acid
(disodiumEDTA) on hicavailabhility Children
hetween the ages of 7-10 years were recriited for this

25

study through a meeting of potential participants and
their families from University field training area
Infortned written consent was obtaned from the
parents after explaining in detal the purpose, nsks and
benefits of the study.  Fifty seven (57) children came
and 7 were excluded (3 parents refused phlebotomy; 2
children were taking supplements; venous access was
not possible in one child; and another child had a
history of seizures). Based on a study for iron
absorption from fortified wheat flour seen in a similar
population in Indonesia (13) a sample of 18 was
predicted to give greater than 0% power in detecting
the assumed difference of shout 2% between the
FeB Oy group and the FeSOy+t disodiumEDTA group.
Adding 6 more subjects to each group to accommodate
drop-outs, the minimum requirement was 24 subjects
i1 an artn. To assess the interaction of minc with ron
each arm was divided into two resulting in four groups
of investigation.

Arm 1 —Withoui EDTA
Group 1- FeSO, and folate (n=13);
Group 2- FeS0,, Zn0 and folate (n=12);

Arm 2 -With EDTA
Group 3- FeS50,, dikodiumEDT A and folate (n=13);
Group 4 - FeS50,, dikodiumEDTA, Zn0 and folate (n=12).

Stable isotopes that were used in this study (> Fe, *Fe,
“7n and ""Zn) were purchased from Trace Sciences
International, Toronto, Canada. The ¥Zn and ™Zn {on
% ennchment by mass) were obtained as zinc oxde
dry powder, and prepared each in an agueous solution
of 0.085 mg per ml and then tested for stenlity and
pyrogenicity  using the gquantitative chromogenic
limulus amebocyte lystate test (QCL-1000 kit from
BioWhittaker, BioWhittaker Molecular Applications)
at the Investigational Pharmacy of Texas Children’s
Hospital, Houston, Texas. *Fe (95% enrichment by
mass) and Fe (96% enrichment by tmass) were
provided in elemental metal fonm.  Iron isotope
solution for administration was prepared, as the
sulfate, in our laboratory, by dizssolwing metals in 0.03
ml of 7M nitnc acid and 0125 ml of 0.5M sulfunc
acid for every mg of elementa iron. The zolutions
were dried at 120°C, at 230°C, and finally at 500°C for
30 tmnutes each in a muffle furnace. After cooling,
the final products were re-suspended in 0.2M sulfunc
acid at 0.24 ml for every mg of iron. Deionized water
was added to produce a solution vielding aunit dose of
1.5 g elemental iron for each 2.5 ml solution.

Each test meal, "halapa’, was individually prepared.
Fice flour (fortified with folic acid only) was weighed
on a calthrated scale within £0.1g of the desired weight
(25g).  Each portion of rice Hour was mixed with
15mL of doubly distilled water and kneaded for 2-3
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minutes untl a smooth dough was produced.  The
dough was flattened on aleaf (Macaranga peltats) that
1z commonly used for flavoring in 51 Lanka ezt
1.5mg of elemental iron in the form of ®FeS0, (all 4
groups), 2.62Tmg of disodiumEDTA (group 3 and 4)
and 1.5mg of elemental zinc in the form of ¥Zn0
{group 2 and 4) were spreaded owver the dough. The
exact dose was carefully measured and recorded wath
the subject’s identification number The amount of
1zotope added was in the same proportion of the
elements present in the fortified four A tmizture of
grated coconut {12g) cooked 1n sugar syrup (10g) was
spreaded on each of the dough, and then the falaps
was folded and steamed for 10 minutes. The steamed
product was stored in a refrigerator and heated in the
microwave oven just before the administration of the
med.  The levels of the iron and znc in the
preparations were confirmed by f-AAS, and the
phytate level was measured by Association of Official
Analytical Chemists (A0AC) method and found to be
22 5mgper halapa

On day one, all cluldren were asked to arrive at the
testing site (Faculty of Medicine) at 0630 hours after
fasting owvernight except for water. A reference iron
isotope dose that consisted of 5 mg *Fe as iron sulfate
dizsolved in orange juice with 50mg of ascorbic acid
added was administered to them. Orange juice and
ascothic acid were used as enhancers of iron
absorption. The children were asked to avoid any meal
for two more hours to prevent any interaction with the
contents of such a meal. On the following monng,
again after an overnight fast, each subject was given a
test teal according to one’s group alocation. They
fasted for an additional 2 hours and then resumed their
usual diet. Subsequently, areference dose of "Zn was
given intravenously to subjects of anms 2 and 4 who
had bheen receiving a mea made out of zinc-fortified
trice flour.

Approzimately 72 hours after the test meal, 25mL of
urine was collected in to unine collection bags from
subjects 1 ams 2 and 4 to measure fractiona
excretion of zinc. Two children dropped out at this
stage and as such, 48 children completed the trial
Fourteen days after the isotope administration avenous
blood sample (5mL) was obtaned from all and red
cells were separated to measure red blood cell (RBC)
iron isotope enrichment. OF the blood satnples taken
for measurement of “Fe and “Fe, three were
contaminated during transportation. In addition, *Fe
was not avalable to provide an adequate dose to two
subjects. Therefore, 45 samples for “Fe, and 43
samples for ®Fe were analyzed. Twenty four samples
were evaluated for anc absorption from zinc groups.
Iron isotope ratio was measured using a thermal
ionization magnetic sector mass spectrometer (MAT

26

261; Finnigan ThermoQuest, Bremen, Germany). The
results were expressed as the ratio of *Fe to non
administered iron isotope ie. “°Fe. The ratio of two
non-administered isotopes (“Fe and Fe) was used to
correct  for temperature-specific  differences in
fractionation. Iron absorption was calculated from iron
incorporation, based on the assumption that 0% of the
absothed iron was incorporated into red blood cells.
Urinary zinc isotope ennchments were measured
similarly to iron isotopes.  Isotope rabios were
expressed with respect to a non-administered 1sotope
(*™Zn) and corrected for differences in fractionation
with the use of ®Zn to ™Zn ratio (two non
adtministered zinc isotopes).  Finc absorphion was
calculated from the relative fractional excretion of the
oral and intravenous isotope doses in 72-hour urine
samples. All the isotope measurements were done at
the Children’s Mutrition Research center, Baylor
College of Medicine, Houston, Texas, US4,

Investigation I'V: Efficacy of fortified rice
flour fortification in improving iron, zinc and folate
status and anthropometry of children A5 the final
step of this research programme, a pilot efficacy study
over a period of one month was camied out as a
prelude to a future placebo controlled study on efficacy
of fortified rice flour in a 51 Lankan population
sample. The subjects used for the absorption study
were rectuited for this study as well after obtaining
informed written consent from their parents. The
subjects were randomized into four groups based on
type of fortification as mentioned in the previous
investigation.  The weight and the height were
recorded and a medical history and a physical
examination were performed on each subject before
the fortified rice four was given.  All subjects were
given 75g per day of fortified rice flour prepared
according to their group allocation, to be consumed
daily for aperiod of 4 weeks. Parents were instructed
to prepare this as a common food item for the whole
family (families were supplemented wath fortified rice
Aour packets containing T5gf per person/ day) A
venous blood sample (5mL) was obtaned from each
subject for the detertnination of Hb and serum levels of
fernitin, zinc and folate at the beginmng and at the end
of the tnal and their weight and height of each was
also recorded.  Baseline and final biochemical and
anthropometry  parameters of the subjects were
cotnpared.

Eesults

Investigation I Of the total sample of 1096 families
314 were from urban communities, 4385 represented
semi-urhan and 297 were from rural sethings of the
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Galle Dastrict (Table 1) The mean monthly
consumption of rice per family was 36.5Kg The mean
rice consutnption per person per meal ohserved in the
different sectors in thiz study population was not
significantly different from each other (137.71g in
urthan; 138.95g in semi-uthan, 134442 1in rurd;
p=0.40). Subjects in the urban sector had s gnifi cantly
lower per capita rice flour consumption {1303 gimeal,
p=0.05) when compared wath semi-urban (14257
gimeal) and rural {145 67 g/meal) sectors. Rice four

27

tllustrated in Table 2. Famnilies of social class 2 had
higher rice consumption than in the other social
classes. But no such difference was ohserved in the
intake of rice flour. 48 8% of families in class 1 and
67.8% of families in class 2 had purchaszed nce four
{Table 2) whereas only 18% of the lowest income
group (class 5) purchased rice flour in the preceding
month.

consumption patterns by the

social classes are

Tablel Rice flour consumption patterns according to sector!

Average consumption in grams (mean, 95% CI)

Sector 11 rice flour (personiday) rice flour (farmily/day)
Urhan 314 130,34 (1218, 1339 * 83652 (7823, 8907
iina; 485 142,57 (134.1; 157.0)" £36.47 (797.0: £76.0)
Rural 297 14867 (136.2; 161.1)" £97.52 (837.7; 957.3)
All 1094 140.72 (135.1; 146.3) B553.03(824.6; 881 .4

IR esults tabulated as mean and 95% confidence Irterval

P values with same superscripts ina colutrn are not signi ficantly different (p<0.05)

Table2 Rice and rice flour consumption patterns according to social class®

Average consumption {grams)%s of families purchasing rice flour

rice (personfmeal)

rice flour (personiday)
mean (95% CI)

1l mean (95% CI)
Class 1 41 131.45 (115.1-144 8)°
Class 2 a0 15044 (139.4-161.5)"

Class 3 567 136.95 (133.5-140 43"
117.83 (131.9-142.0)°
137.37 (105.6-130.1)°

Class 4 |
Class & 27

13256 (1177, 153.4) 48.8
13491 (118.5;, 151.3) 7.8
142 82 (135.0; 150.6) 39
141.99(131.6;, 1524) 334
110.78 (92.2, 129.4) 18.5

VG roups with different superscript Ietters (a, b) different signi ficantly (p<0.05)

Average family size of the study sample was 4.1;
majority of the families were of social classes 3 and 4.
Oryerall, 6% of households consumed nce flour and
two out of five households purchased nice flour from
the market (Tahle 33, Utrban {44.5%) and semi-urban
(43.1%) houscholds purchased rice flour, at a 159
higher rate than the rural (27.2%) sector (Table 3).
Meatly half of the households (49.8%) bhought
readymade food items made owt of nce flour
Common nce-based meals eaten were sting hoppers,
pittu, hoppers and sweet cakes. 12.8% of the study

population had their own paddy fields; the majority
helonging to rural communities.

Investigation II The external characteristics of cooked
food items showed that all types of flour had similar
properties to that of the control after one month of
storage.  Since the flour was made up of brown
country nce there was no obvious darkness or
discoloration in the fortified flowr due to omdation of
ferrous sulfate. Howewer, when the flour was stored
for tnore than two months, black spots were observed
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Table3 Popularity of rice flour hased food consumption according to area of living'

28

Urhan sector

Seri-urhan sector

Rural sector

All

Farilies (1)

il4

485

297

1094

Rice flour ‘home made 174 (55.4%) 276 (56.9%) 216 (72.79%) 666 (60.8%)
“buy 140 (44.6%%) 209 (43.19%) 81 (27.3%) 430 (39.3%)
Fice flour consumption Frequently 276 (B7.9%5) 416 (85 8%0) 251 (B4.5% 9435 (BA.0%)
-price 10 {3.2%) 17 (3.5%) 16 (5.4%) 43 (3.9%)
Feasons for infrequent -taste 14 {4 5% 33 (6.89%) 9 (3.0%) 56 (5.1%%)
consumption prep: 4 (1.3%) 6 (1.2%) 13 (4.49%) 23 (2.19%)
_other 10 (3.2%) 13 (2.7%) 8 (2.7%) 31 (2.8%)

Furchase of ready-made

546 (49 59
meals

173 (55.4%) 248 (51.1%%) 125 (42.1%%)

! Results were expressed as rumnber of farmilies (percentage)

Tabled Sensory attributes of meal !

Froduct Iean sensory value

Sensory attribute 0 month | month 2 month 3 month

Acceptability® 5. Hoppers 1.41 1.06 0.53 0.31
Fittu 2 144 1 0.9z
Aluwa 1.18 077 0.44 0.31
P-value 023 . &1 .45

Textire 5. Hoppers 2.06 1.06 0.34 0.a9
Fittu 1.38 0.94 0.a3 0.4z
Aluwa 1.53 112 | 0.a2
P-value 023 0.é .08

Odout® 5. Hoppers 177 1.12 1.05 D85
Fittu 2.17 1.56 1.05 1.08
Aluwa 0.94 0D.53 0.a3 0.a%9
P-value .14 (.11 (.21

Taste 5. Hoppers 1.41 1 0.74 D44
Fittu 2.17 144 0.95 0.92
Aluwa 1.47 0.94 058 0.39
P-value (.11 (.42 .33

 There iz a significant difference in acceptability of Fittu over Aluwa (p=0.028)
! Thereisa significant difference in odowr of Pittu over Aluwa (p=000%"; and String hoppers (p=0.013"; Iieals of second month
were significant from meals at the end of first month (p=0.004"

TahleS FPercentage iron ahsomption from the reference dose and the test dose

Eef dosze Test dose Pyalust

(*'Fe) Ahsorption (**Fe) Ahsorption Gl G Grp 3 Grp 4
Group 1 Al4%x11.7 25% 15 0.23 0.32 0.03
Grroup 2 N3+ l128 3s% 20 0.23 -- 0.03 0.1
Group 3 31.9% £ 080 19%+£1.1 032 0.03 0.005
Group 4 ingd+l12a f.l1%t44 0.03 0.09 D.00%
IMean 3l0%+£109 34%+29
P-walue 0.93 0.003

' Derived from the Analysis of variance (ANOVA)Y
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Table6 The haseline anthropometry and serum biochemistry of the study subjects’

pal

Farameter Group 1 Group 2 Group 3 Group 4 Owerall

BEXE Ma, F3& M7.Fa Ma, F7Y Ma, F7Y M 25, F28
Age (months) a8l 187 049+ 195 0485+ 192 1009+ 159 0411584
Weight (Kg) 199+ 133 205436 201439 217445 205439
Height {cm) 1192+ 73 1.223.£:9:2 1210+ 8.2 1245+ 93 121 8+ 8.5
BMI 13917 136+£09 136+£13 138+£15 138+14
Haemogl ohin (g/dL) 11911 122409 iz e i 102 L
Serum Ferritin (pefL) 473 +30.4 529+ 368 5194271 4204239 485+ 294
Serum Folate (nmol/L) 128+£409 124 +£41 121 £546 13081 12657
Serum Zinc (umaol/L) 121+£27 118+24 118+£23 121£1.7 11.9+£22

! Group 1-Fetfolate); group 2- (Fe+ED TA+folate); group 3- (Fe+Zn+folate); group 4- (Fe+EDTA+En+folate); results presented

intmean £ 30

Table7 The anthropometry of the children following intervention?

Parameter Group 1 Group 2 Group 3 Group 4 Crrerall
Weight (Kg) Pre 19.9+33 20536 20.1+39 21745 205+ 39
Post 199+ 27 2007+ 3.0 20,9+ 473 22047 20,9+ 3.7
P-walue 0.01 0.03 =0.001 =0.001 =0.001
Height {cms) Pre 1192+ 7.3 1220+ 9.2 1210+ 8.2 1245+973 121 8+ 8.5
Post 12007+ 7.0 1224 + 8.2 1222+ 8.0 1251 £98 1226+ 8.2
P-walue =0.001 =0.001 =0.001 =0.001 =0.001
BMI Pre 13.9+17 136409 13.6+ 1.3 138415 138+ 1.4
Post 13609 137+£0.9 137+ 14 139+£1.5 138+ 1.2
P-walue 0.2 0.26 0.04 0.003 =0.001

'Groupl-(Fe+folate); group2- (Fe+EDTA+folate), group3- (Fe+Zn+folate); aroupd- (Fe+ED TA+Er+folate); results presented in
tmean + 50 p-value from the paired t-test cormparing pre and post intervention

Table8 The effect on haematology foll owing intervention

Pararmetet Group 1 Group 2 Group 3 Group 4 Crrerall
Hh (2/L) Pre 1199+ 11.3 121.9+ 9.8 123.1+12.2 1219+£11.1 1217+ 10.9
Post 1250+ 07.8 127.0+£10.3 129 8+ 063 1286 £ 08.3 1276+ 8.2
P-value 0.64 0.11 0.0z 0.aona =0.001
Ferritin (Lg/L) Pre 473+304 520+ 368  51.9+271  420+230  485+294
Post 485 £ 251 544+ 321 49 5+ 21 .2 468 £ 354 50.0 £ 28.1
P-value 0.93 0.55 0.76 059 0.6
Folate (nmol/L) Pre 123+49 124141 12154 130+ 8.1 126+ 57
Post |opse 194+94 174683 21.3+£99 188+ 77
P-value 0.03 0.0z 0.0z =0.001 =0.001
Zinc (umol/L) Pre 12.1+27 1.8+ 2.4 1184273 121£17 11.9% 22
Post |eg g 121+ 22 13.0£2.5 BT s |
P-value 0.al 0.56 0.15 0.27 0.06

'Group 1{Fe+folate); group2- (Fe+EDTA+fblate), group3- (Fe+Znt+folate), groupd - (Fe+ED TA+Zn+folate); results presented in
tnean + 50 p-value from the paired t-test cormparing pre and post intervention
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in string hoppers and afuwa  There were no ohvious
signs of surface dehydration (stiff-textured or sticky in
consistency) that could result in the products.

A1l sensory characteristics of foods remained positive
during the whole period of flour storage (Table 47
Mevertheless, compared with the baseline the
acceptability declined over storage time although there
was no condstency in the direction of change A
significant difference in acceptahlity of pitfu over
aluwa (p=0.03) was observed during the course of the
trial whereas there was no difference hetween
acceptance of aluwa over string hoppers (p= 0.79) and
piffu over string hoppers (p= 0.05). There was no
difference in acceptability with the duration of four
storage (p= 0.434). Texture of the meals did not show
any significant differences ower the type of food
(p=0.43), or the duration of storage (p=0.31)
Compared with the control tmeas there was a
significant difference in the odour of pittu over aluwa
(p=0.009) and string hoppers (p=0.01). A sgnificant
difference in odour between the first month and the
second month was seen in all 3 meals (p=0.004)
There was no significant difference in taste between
the type of meals (p=099) and duration of storage
(p=0.74).

Investigation II1 Iron  ahsorption  from  the
reference dose of ' Fe was similar among the 4 groups,
with a mean of 31.0% (Table 53 The overdl
ahsorption of Fe from the meal in all groups was 3.4
+2 5% (geometric mean of 2.8%). Significant intra-
group differences were seen for absorption of Fe.
The highest fractional absorption of Fe from the meal
was in group 4 (6.1+4.4%) and lowest 1n group 3
{1.9+1.1%; Tahle 5.

The presence of zinc did not  adversely affect
ahsorption of Fe from the meal. In fact, the
absorption was greater in subjects groups 3 and 4 who
recaeived zinc (3.8 £3.7%%) than in groups 1 and 2 who
did not receive zmnc (3.0 £1.8%) although this
difference was not statistically significant (p=0.100
ALhsorption of ®Fe from a meal was sonificantly
greater (p<0.05) 1n groups 2 and 4 (4.7 £3.6%) than
those in groups 1 and 3 (2.2 £1.3%). However, when
group data were combined, those who consumed
dizodiumEDTA (groups 2 and 4) and those who did
not (groups 1 and 3), there was a significant negative
interaction between zinc and disodiumEDTA. In the
groups not consuming zinc (groups 1 and 2), there was
no significant difference in 1ron abszorption (p=<0.10)
with or without disodiumEDTA. Among the groups
that consumed meals containing zinc (groups 3 and 47,
a highly significant increase (p=0.005) was seen in
group 4 that was given disodiumEDT A,

30

In a multivariate model of fractional ahsorption of *Fe
included the group, initial ferritin and hasmoglobin
levels, age, sex, and weight, only the group (p=<0.01)
and sex (p=0.02) were significant. Males (4.4 £3 7%
had a higher fractional absorption than females (2.5
+1.5%). Based on the iron content in the fortified nce
Aour (A0mgkg), the absorption of added iron was
highest in group 4 (6.1 £4.4%). Children in this group
had average absorption of 32pg (£66.3 pg) of iron
from the 25g of nce flour in the test meal This
represents about 13% (range, 4-22%) of the estimated
absorbed requirement (0.7 to 0.8mg) of iron in this age

group (15).

Fractional zinc ahsorphion averaged 109 £5.19%%
overall in those groups who received a meal made with
zinc-fortified rice flour. Fractional abszorption of @inc
was 135 £6.0% 1n group 4 and 3.8 £2.0% in group 3.
The difference hetween the two groups was
statistically significant (p= 0.04). In a multivariate
model to predict fractional zinc absorption including
the group, initial zinc level, sex, age, and weight; only
the group was statistically significant (p= 0.04).
Average absorption of added zinc in the meal was
202pug (398 po)in group 4 and 132pg (£30pg) in
group 3 respectively. This constitutes approz:mately
17% (£8.0%) and 11% (£2.5%) of the 1200 pg of
recommended absorbed zinc needs of an 8 year old
child {167,

Investigation IV The sample consisted of 25
male and 28 female subjects with an age range of 7 to
10 wears. There were no sigmficant differences
hetween subgroups in terms of age, anthropometrics
and biochemical data (Hb, ferritin, zinc, and folate) at
the beginning of the study (Table ). At baseline 21%
were underweight and 17.0 %% were stunted.  Further,
hazeline data from this study showed that 38.0% of the
subjects were anaemic, 8.0% had low 5F, 36.0% were
deficient in folate and 15.0% had zinc deficiency.
statistically significant improvement in anthropometry
was ocheerved with the intervention from  thewr
respective  baseline walue (Tabhle 7, p=0.001).
However, BMI was not significantly improved in
groups 1 and 2. The zinc supplemented groups
{groups 3 & 4) had a mean weght gain of T80g
whereas non-zinc treatment groups (groups 1 & 23 had
only 570g  These values were not sigmficant (p=
0.205).

Haemoglobin and serum folate lewvels significantly
improved (p=0.001) dunng the intervention (Table &),
When the sub-group analysis was made, all four
groups had sigmificant improvement in serum folate
from their respective baseline  walue (overal
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. 28nmol/L, p=<0.001% Groups 3 and 4 had shown a
significant improvement in Hb concentration (p=0.017.
Owerall, levels of 5F and serum zinc improved (hy
1.51pg/L and 0.5%umol/L. respectively) dunng this
short period of time, but these changes were not
significant (p=0.107. I the groups that received
dizodiumEDTA when compared with those that did
not recelve a greater increase in SF and Hb in the
EDTA groups was evident. However, the increased
was statistically significant in Hb only (p=0.03). The
groups that received zinc-fortified meals showed a
gain in serum zinc, but did not reach a statistically
significant level.

Discussion

Food fortification prowides mammum  benefit for
minitnum investment (17 and 15 generally recognized
as being the most efficient as well as the most cost-
effective  means of eliminatng  micronutrient
deficiencies when compared with supplementation.
The results of fortification are broad and sustainable
when compared with supplementation. A staple food
that 1z consumed regularly by the majority of the
population 15 generally used as a wehicle for
fortification and as such, high population coverage can
be easily achieved.

The ohserved monthly per family consumption of nce
in our study 15 close to the finding {35.3Kg) of the
national survey (9). According to the national survey
T0% of households spent more than half of their total
expenditure for food and drink in Sn Lanka and par
capita rice flour consumption of 70.75g with 296 45¢
per household. Howewver, our findings are of double
this amount {140.7g). This could be due to the fact
that our resultz are based not only on nce flour
purchased but also on home made as well. The social
class difference in rice flour purchasing patterns
explains, in part, that there 15 an avenue to popularize
fortified rice flour and food products of fortified Hour
ammong poorer segments of the population. We did not
gquantify the common rice Sour based food products
that the national survey had identified However, in
our study we found that string hoppers, hoppers and
piftu were the most frequently consumed rice flour
hased food items in Sri Lanka  Urban households
appear to have bhetter access to prepared rice-based
foods; hence alesser quantity of rice flour based foods
are prepared at home. Rural households (72%%) prefer
home-made rice flour. It may be due to poor access
for ready-made four and prepared food outlets and
also due to cultural reasons.  Small proportions of
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households dlamed that rice flour based meals are not
tasty (5.0%), or high in cost (3.9%) and need longer
preparation time (2.1%4).

There are some theoretical as well as practical
advantages on  uang nce  flour to deliver
micronutrients to children through complementary
feeding. It iz unlikely that other lands of four
especially wheat would bereadily avalable to children
of low-income farmilies at a low cost in our country if
the  government  discontinues  the  subsidiary
programme on wheat. On the other hand 1t 15 the nce
that 1z being used as the first cereal in the preparation
of complementary foods for babies by the 5n Lankan
mothers. The findings of this survey show that nce
Hour appears to be an appropnate wehicle for
fortification wath micronutrients. Since most of home-
made complementary foods in 50 Lanka are also based
on either nce or rice four, our findings suggest that
toddlers too can benefit from such forti fication

It was ewvident dunng this consumer acceptance trial
that the quality of flour did not get deteriorated with
time although rancidity of ferrous sulfate was reported
in a previous study on wheat four fortification in 5n
Lanka (18), where wheat four fortified wath
sodiumironEDTA and ferrous fumarate hecamne less
acceptable sooner than the flour fortified with reduced
iron and electrolvtic iron. But in our trial as we did a
multiple micronutnent fortification 1.e. ferrous sulfate
with disodivmEDTA, zine oxide and folic acid, its
sensory charactenistics could have been different from
the previous wheat four trial. The effect of rancidity/
dizcoloration of ferrous sulfate may have been masked
by the presence of disodiumEDTA (19). The quality
of flour athough supposed to be detenorated with
time, the taste, texture and acceptability remaned
within the desired limits at the third month of storage
as well. The ambient flour storage conditions in Sn
Lanka are harsh, with high temperatures and humidity.
Flour under such conditions requires relatively rapid
consumption, The results obtained by this
investigation confirm that fortified rice flour stored
upto a period of 3 months was accepted by the subjects
for preparation of their meals. It can be concluded that
the odour, acceptance, taste and texture of meals made
out of nce Hour with 60 mg'ks fortification level of
iron and @nc had satsfactory sensory attributes and
therefore, enrichment of rice flour could be considered
as afeasible strategy in 51 Lanka.

Thiz 15 the first-ever trial in 51 Lanka examining the
absorption of micronutrients from the fortified rice
flour. The fractional absorption of both iron and zinc
from fortified rice flour was lower than predicted
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However, it was evident that di sodivmEDTA enhanced
the absorption of both micronutrients. The nce flour
used in this study had relatively low phytate
concentrations (1.e. 110210 mg/100g). The phytic acid
content 1n the local rice is variety-dependent {250 to
530 mgf100g with an average of 320 mg/100g), and
polishing (6-8% in our rice) will further reduce the
phytate to a range of 80 to 330 mgfl00g (200, The
phytic acid:zinc molar ratio of this study was 15:1.
The low fractional absorption in this study can he
attributed solely to high phytate levels. Howewer, the
zinc statns of the individuals also needs to he
considered. Zinc absorption increases with increasing
zinc deficiency (16). The relative adegquacy of the zinc
status of the population studied may have contnbuted
to the low bioavailability of zinc observed.

Analysis of the results demonstrated that regular
consumption of micronutrient-fortified nce flour for
four weeks led to improvements in weight, height and
several measures of micronutrient status in semi urhan
school childrenin Galle. The improved growth (aeight
and height) in the study groups cannot be assumed to
be due to a higher energy intake from the nce flour
itself, as a control group was not included in the study.
But there are other potential explanations. One of the
cardinal features of zinc deficiency 15 growth failure,
thus, it is posahble that the increase in zZinc intake
augmented lean tissue accretion or increased utilization
of the energy provided. Such a possibility 13 described
in the response of BMI in thiz study as it sgnifi cantly
improved only in zinc  supplemented  groups.
Secondly, it 15 possible that it stimulated an increase in
appetite of the children and thereby increasing ther
energy intake. Thiz could have resulted in the
improvement in growth and general status of health of
these children. Thirdly, improvement in iron stores,
and enhanced serum folate and zinc status per se may
have had an impact in limiting morbidity, which in
turn  can lead to improvement in  growth  and
development of children.

The mean improvement in haemoglobin was higher in
zinc supplemented groups. Thus, 1t was demonstrated
that the added zinc had no deleterious effect on iron
stores.  The increase in serum zinc and folate
concentrations ohserved at the end of the study
strongly suggests a beneficial effect on zinc and folate
status of prmary school children as a result of
consutnption of the fortified nce four. Thisis of great
importance as improvement in iron, zinc and folate
statuzs have been shown to enhance growth and
decrease morbidity and mortality from  infectious
dizeases in school children in developing countnes

(21).
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The present pilot efficacy study 15 limited by the small
size of the study population. Further, the duration of
supplementation may not be sufficient to draw definite
conclusions on the effectiveness of the fortification
formula used. It 15 not possible to definitively evaluate
the outcomes without a control group, although our
results are likely to reflect the true benefit of the
fortified rice flowr. Therefore a defintive randomized,
placebo-controlled, double  blind  study  covering
multiple age groups over an extended period should he
conducted in order to evaluate the effectiveness of the
proposed rice flour fortificaton before implementing
at national level.

Conclusions

In this research programme, rice flour was evaluated as
a potential wehicle for fortification wath micronutrients
such as iron, zinc and folate.  One of the limiting
factors in fortifying a dietary staple 1z the lack of
simple and affordable technology to fortify with stable
and bhioavalable nutrients without compromising
cotnmonly accepted taste and appearance. A meal
made out of 50g of fortified nce flour, one fourth of
the daily recommended absorbed iron and zinc content
of a prmary school child can be met  In order to
evaluate efficacy and effectiveness of nce four
fortification, a  defintive randomized, placebo-
controlled, double blind studies in multiple age groups
over an extended period 15 necessary. Therefore multi -
sector approach to be adopted in the establishment of
any food-fortification programme, encompassing the
participation of relevant governmental organizations,
food industry, trade organizations,  consumers,
academic and research facilities, marketing specialists
and any involved international organizations and
agencies 15 recommended.
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Physical Activity, Bone Mass and Bone Structure in Pre-
pubertal Children

Alwis G
Department of Physiology, Faculty of Medicine, University of Ruhuna, Galle, Sri Lanka.

Abstract

Physical activity (PA) has been described as one of the best strategies to optimize skeletal development
during growth. In this study, at baseline 81 boys and 53 girls aged 7-9 years were included in a curriculum-
based exercise intervention program comprising 40 minutes of PA per school day. Age and gender-matched
57 boys and 50 girls, assigned to the general Swedish school curriculum of 60 minutes PA per week, served
as controls. Both boys and girls in the intervention group had significantly higher accrual of bone mineral
content and larger gain in bone size in the lumbar vertebrae. No exercise-induced bone mineral accrual or
structural changes were observed at the femoral neck. The PA measured by accelerometers was high so that
all children reached the international recommended level of 60 minutes of moderate to vigorous PA per day.
Children who participated in the exercise intervention groups were reported to experience more of the
highest intensities of physical activities. This study has identified that a school-based exercise intervention
program in pre-pubertal children enhances the skeletal benefits at the lumbar spine but not bone mineral

accrual or structural changes at the femoral neck.
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Introduction

Low bone muneral density (BMD) is a risk factor for
fragility fractures and much of the fracture preventive
effort today 15 devoted to preventing low BMD. The
peak bone mass (PBM) 15 also to be considered as an
important determinant of bone strength and fracture
prevention in old age because around 50% of bone mass
at the age of 70 years 15 estimated to be predicted by
PBM (1, 2). Theoretical analyses estimate that a 10%
merease in PBM could delay the development of
osteoporosis by 13 years (3). Physical activity (PA) has
been described as one of the lifestyle factors that could
optimize gain i bone mass and bone strength during
growth. During childhood and adolescence, both high-
mtensity and moderate-intensity PA increases PBM and
bone structure (4. 5). The pre- and early peri-pubertal

period, a period with fast skeletal growth, 15 usually
considered as the best opportunity to enhance skeletal
strength by exercise (6).

The specific effects of PA on bone health have been
mvestigated 1 numerous cross-sectional  studies.
prospectitve  observational  studies.  prospective
controlled intervention and prospective randomized
controlled frials (RCT). Reports suggest that resistance
and high-impaet exercise 15 the type of traimng that
confers the most obvious benefits during these ages (7).
However. most of the studies have included volunteers
and used specifically designed high-impact PA
programs, such as jumpmg down from a height, and
organized sports activities (8-11). One problem with
such monotonic programs 1s the high dropout frequency
(12). Exercise mnterventions have also evaluated whether
school-based physical education (PE) classes that use a
variety of physical activities. jumping activities or
circuit traming. mfluence bone mass and the femoral
neck (FN) structure using hip structural analysis (HSA)
(13-15).

The current knowledge 1in this thesis 15 whether
moderately intense exercise intervenfion programs
could improve bone mass and bone structure (16). PA
could possibly be used as a prevention strategy against
low bone mass and low bone structure because studies
have shown that exercise-induced skeletal benefits
during growth and vyoung adulthood persist info
adulthood, assisting in fracture reduction (17).
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Based on the consistency of literature, PA duning
orowth has been described as one of the best strategies
to optimize skeletal development during growth.
However, most exercise mtervention studies m children
have involved the use of volunteers and specifically
designed high mmpact exercise programs. Therefore, thus
study ammed to evaluate whether a general school-
curriculum-based.  moderately  intense  eXercise
itervention program and the mode of transportation to
school could influence bone mass and bone structure in
a group of pre pubertal children.

Study design and Methodology

The study subjects were recruuted from first two vears’
evaluations of the Paediatric Osteoporosis Prevention
(POP) cohort. The POP Study, in Sweden 15 a
prospective controlled exercise intervention study in
school cluldren that annually assesses musculoskeletal
development in school children. Fouwr neighboring
schools that were government-funded and located in the
same soctoecononuc background were invited to the
study. One school was mvited to participate as the
infervention school and the other three schools served as
confrol schools. In the mntervention school, the normal
mean Swedish curriculum of 60 minutes per week was
mcreased to 40 minutes per day (200 nunutes per week).
Children from the control schools were also assigned to
sinular activities as performed in the intervention
school. but limited to the mean duration of PE classes in
Swedish school, one or two sessions per week or mean
60 munutes per week The physical educational
curriculum m Swedish schools meludes PE classes with
a varety of activities. such as ball games rnning
jumping and climbing. The intervention was
deliberately designed not to be a specific osteogenic
exercise program. The physical educational classes were
conducted under supervision by the ordinary class
teacher, typical of PE classes mn Swedish schools. The
studies were approved by the Ethics Commuttee of Lund
Unmiversity and the Radiographic Conumttee at Malmo
Umiversity Hospital, Malmo. Sweden. Also, the studies
were conducted according to the Helsinki Declaration
and informed written consent was obtamned from parents
or guarcians of participants prior to the commencement
of the study.

Anthropometric measurements

Body weight was measured with an electric scale to the
nearest 0.1 kg and body height by a wall-tapered height
meter to the nearest 0.5 cm. The children were
measured in light clothes in sock soles. BMI: kg/m® was
calculated as weight 1n kilograms divided by height in
meters squared. The TB fat mass and TB lean mass was

measired by a DXA TB scan (DXA. DPX-L version
1.3z, Lunar®. Madison. WI).

Dual energy X-ray absorptiometry (DXA)

DXA (DXA DPI-L version 13z Lunar® Madison
WI) was used to assess development in the chuldren.
During the measurements the children were dressed in
light clothes and no shoes. Paediatric software was used
i children below 35 kg i weight. Bone mineral content
(BMC) and areal bone muneral density (aBMD) were
evaluated for the total body (TB), the LS (L2-14
vertebrae), thurd lumbar vertebra (L3) and FN. The
width of the L3 was estimated from the LS scans and
the width of the FN was estumated from the hip scans.
DXA 15 the most commonly available bone
densitometry techmque and considered the gold
standard i the measurement of BMC and BMD. BMC
is expressed in grams. BMD (g/em’) is caleulated by
dividing the total amount of bone mneral by the
projected bone area. The lugh precision, the non
mvasive short scan time and the low radiation dose
which 1s less than the daily dose of radiation from the
natural background radiation are the advantages of the
DXA technique (18). However, DXA measurements do
not estimate the material composition or the stucture of
the bone, which 15 a disadvantage because 1t 15 well
known that bone material composition. bone geometry
and bone nucro-architecture are also important for bone
strength. One field that has gained interest during the
last few years 15 the DXA based lup geometry, specific
software-- the lup structural analysis (HSA). where the
three-dimensional structure of the hip 1s estumated from
the two-dimensional hip DXA scan (19). Cross-
sectional moment of inertia {CSML em’) is derived
from the integral of the bone mass profile across the
mummum bone cross-section together with 1ts center of
mass. CSMI estimates the ability of FN to withstand
bending forces and 1s calculated using the mass of the
absorptive curve (20).

Hip structural analysis (HSA)

Hip structure has been evaluated by the DXA-derived
HSA software provided by Lunar Insttuments
Corporation (Madison, WI). All standard image files of
the proximal femur were analyzed by one technician
using the HSA software. Using this software the X-ray
absorption data of the proximal femur 15 extracted from
the output 1mage data file and the BMC. aBMD and 1ts
distribution within the FN calculated. Furst the operator
has to manually define the center of the femoral head
and place the FN axis as accurately as possible along the
FN. Thereafter. the region of interest in the FN 15 placed
i the proximal part of the FN, and finally the femoral
shaft axis 15 defined centrally along the shaft. The
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software will then iteratively assess all cross-sections 1n

Flow of study subjects through the study

the femoral neck region of interest (FN ROI) and

especially m epidemuological studies when PA i1s to be
estimated on group level (23, 24). In this study objective

Study subjeedss PA was assessed using the MTI (Manufacturing

identify the plane with the least CSMI The CSMI
esimated by DXA has been found to be lghly
correlated with the CSMI measured directly on adult
cadaver specimens (1‘] = 096) (20). Automatic
identification of the weakest cross-section of the FN 15 a
fundamental feature of the HSA software. and tlus
cross-sectional level 15 then used for subsequent
calculation of Z and CSA. The Z 15 computed as CSMI
divided by half the width of the FN. The endosteal
diameter was estimated using the algorithm deseribed
by Thomas J. Beck (21). Mean cortical thickness was
calculated as the difference between the periosteal and
the endosteal diameter divided by two.

Objective assessment of physical activity

Subjective level of PA and lifestyle factors were
assessed  using  an  mterviewer  admimstered
questionnaire. Because of the difficulties in subjectively
assessing the level of PA in cluldren, accelerometers
have been increasingly used for objective measurements
of PA n children (22). Objective assessment of PA by
accelerometers provide valid and reliable measures of
inftensity, frequency. duration and total amount of PA

Baseline
1-year follow-up 2-year follow-up
61 [ fand 2 CASES PAPERI
girls i grades
6 declinoed parBopation, *| 1m:ndad_nnd|;nm,
1 of age P W leaving 53 gurts 4mﬂu;n;:mﬂm,
lomving 54 girks >
13 dechned or hid moved,
I 64 garks in grades 1 and 2 EEHHTRDLIFAPER;IIII | 1 excluded due fo medicabon,
lemng 50 gurts
CASES PAPERMN 1 mare dedlined perticipas-Bon,
89 boys in grades 1 and 2, * | 2 excluded due fo modication, 1 PROT
Saging 84 bovs E > leenang B0 boys
Sboysngaksiad? | CONTROLS PAPERS & IV » | 10 more decined or hed moved,
1 exciuciod dusy fo medicaiion,
lesnnng 57 boys
1mgmm
T ™ mArERY 80 girks wesked/cydad fo schod
[ 37 wavolad by carftaes
138 boys pabapatod, % boys walkiad or cydled lo school
Sdid not aswer the queshonmare, 58 iravelod by carfiues
Josnvng 133 boys

Technology Incorporated, Fort Walton Beach, FL.
USA) accelerometer. model 7164, The accelerometer

measurements were performed for four consecutive
days at the two-year follow-up evaluation
Accelerometer data are averaged over a period called an
epoch. A recording epoch of ten seconds was selected
for this study. SAS-based software (SAS Institute Inc.
Cary, NC. USA) was used to analyze all accelerometer
data. This software automatically deletes mussing data,
defined as continuous sequences of 60 consecufive
epochs (1.e. 10 munutes) or more with zero counts. In
order to nummnmze infer-instrumental variation, all
accelerometers were calibrated against a standardized
vertical movement. Mean activity was considered to be
the total accelerometer counts per valid munute of
momtoring (mean counts/min; cpm). Age- and body-
mass-spectfic cut-off pomts exist for accelerometer
counts representing actrvity of varving intensities, and
these cut-off points made 1t possible to roughly estimate
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the number of minutes the child was engaged in activity
above a specific intensity threshold. Tume spent
performung above three Metabolic Equivalents (METs)
was considered to reflect moderate-to-vigorous physical
activity (MVPA). and time spent above six METs was
considered to reflect vigorous physical activity (VPA).
Cut-off pomts used for all children were =167
counts/'epoch for MVPA and =583 counts/epoch for
VPA (25). As both ammal and human studies suggest
that a mechanical load inserted with a high load, a fast
load and for the skeletal an unusual load confers the
highest anabolic skeletal response (7. 26). we also
wanted to compare the duration of the most intense
activities between the groups. For tlus reason we also
report the duration of activities >1000 counts/10-second
epoch or =6000 counts per minutes per day and > 1667
counts/10-second epoch or =10.000 counts per nunute
per day (27. 28).

Results

At baseline. the two groups did not differ with regard to
lifestyle  factors, age, anthropometrics or bone
parameters. When compared the annual changes. both
boys and guls m the mfervention group had
significantly higher accrual of BMC and larger gamn m
bone size in the lumbar vertebrae. No between-group
differences were observed for annual changes in the FN
bone muneral accrual or hip stuctural changes
measired. The positive effects m the lumbar spme were
less 1 absolute values in the boys than in the girls
(Tablel-3).

Total duration of PA estumated by questionnaire was

higher in the mtervention group than m the control

group. In confrast, at follow-up. there was no

difference in the total amount of daily activity

measured by accelerometers, while the mtervention

group was presented with a higher proportion of the

most intense activities. above 10,000 cpm (counts per

nmunute). No differences were reported in activity level

when comparing children who walked or cyeled to

school with those who went by car or bus. The PA

measired by accelerometers was high such that all

clildren reached the international recommended level

of 60 nmunutes of moderate to vigorous PA per day

(Table 4-5).

Discussion

This study evaluates a prospective controlled school-
based PE mtervention program in pre-pubertal children
aged 7 to 9 years at baseline. The study reports that the
mtervention was not assoctated with improved accrual

37

of bone mineral or beneficial structural changes at FN
during the first two years when the inferences were
drawn based on measurements with the DXA-derived
HSA analyses (27-29). In contrast, the exercise
mtervention was associated with a significant positive
mfluence in the accrual of bone nuneral in L2-I4 and
gaimn in bone size in the L3 in both gurls and boys during
the one- and two-vear period. (27, 30-32). The positrve
effects in LS 1n the boys were less in both absolute and
relative values when compared with the changes in the
girls. Why there was an exercise-induced effect in LS
but not in FN and why the benefits were more obvious
m girls 15 not clear. The proportion of trabecular bone
varies from being about 25% in the distal radius and
femoral neck to 66—75% 1n the vertebral body (33).The
larger proportion of ftrabecular bone in a lumbar
vertebral body than in FIN could partly explain the
discrepancy, as skeletal response to mechanical load 15
more often seen in trabecular than cortical regions due
to the larger surface-to-volume ratio in trabecular bone.

The children were on a lugh level of habitual PA as
observed by the accelerometer data, that all cluldren.
both guls and boys, reached the international
recommended level of PA per day (34). Thus, 1if the
children were already physically active, the amount of
additional school-based  trammg contributed
proportionatelv less to the total amount of PA than in
cohorts with sedentary cluldren (35). The extra amount
of exercise gamed by the mtervention could be enough
to lead to benefits m a predomunantly trabecular region.
such as LS. but not m FN.

Differences between boys and girls i the level of PA
could also explain the more obvious effects in the gurls.
As the boys generally had a higher level of activity than
the girls. the mtervention in the guls contributed
proportionally more to the total amount of PA than in
the boys (27. 31). Guls with the same clironological age
as boys are generally closer to puberty than boys and the
changes in bone nuneral accrual and bone size mn the
lumbar spine 1s more obvious i girls than the bovs (36).
Because of the earlier onset of puberty. guls reach peak
BMC velocity roughly 1.5 years earlier than boys (6).
Thus. the observation that LS bone mass increases
mitially more m girls than in boys of the same
chronological age 15 consistent with the literature (36.
37).

The HSA 1s another techmique trving to assess hip
geometry. but exercise intervention studies have so far
reported conflicting results. Some studies have reported
that everyday PA dwing growth predicts hup strucnure
(38, 39), while other trials have opposed tlus view (40).
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The discrepancies in the coneclusions when comparing children was different in the cited trials, and it 15 known
the trials could be based on differences in the study that exercise-induced skeletal benefits are easiest fo
designs. The maturational level and gender of the reach in the early pubertal period. Because of the study

Table 1 Annual changes boys 1 year follow-up

Cases (N=81) Controls (N=5T) P-value
Height (cm) 56+1.1 57+06 0.45
Weight (kg) 32+18 33+12 0.75
Lean mass (kg) 22106 21+04 0.38
Fat mass (kg) 13 %15 10+09 0.14
Lumbar spine Cases (N=76) Controls (N=51)
L3 BMC (g) D87 x0.55 058+£026 0.0007
L3 BMD (gfcmz) 0041 0036 0027 £0.015 0.01
L3 vBMD {gfcmi} 00030017 0.002 £0.007 0.82
L3 width (cm) 0.14+0.14 0.07 +0.07 0.0010
L2L4 BMC (g) 246120 194+ 051 0.004
L2L4 BMD (g.-’cmz) 0041 0024 0.028 £0.011 0.0005
Femoral neck Cases (N=74) Controls (N=48)
width (cm) 0.10+0.16 0.09 + 0.08 0.80
CSMI (I:m") 0D081x0.119 0.082 £ 0.046 095
BMD {g}'cmz} 0036007 0037003 092
BMC (g) 0211+042 0.292+0.19 0.21
CSA (cm’) 0.098 + 0.13 0.093 +0.06 0.81
Section modulus (cm®) 0.051 £ 0.07 0.051 +0.03 0.99
Endosteal diameter (cm) 0.09+0.16 0.08+0.08 0.83

Values are mean + SD

Table 2 Annual changes boys at 2 year follow-up

Cases (N=80) Controls (N=57) P-value
Height (cm) 5607 5706 0.19
Weight (kg) 34+16 33+12 0.57
Lean mass (kg) 22405 21+04 0.92
Fat mass (kg) 13x14 1009 0.10
Lumbar spine Cases (N=76) Controls (N=51)
L3 BMC (g) 072030 058026 0.009
L3 BMD (g/em’) 0.031 +0.02 0.027 £0.02 0.30
L3 vBMD {g-"cmi) 0.001 0010 0.002 £ 0.007 0.46
L3 width (cm) 0.11x0.06 007007 0.0015
L2L4 BMC (g) 206076 1.94 £ 051 0.30
L1214 BMD (g.-’cmz} 00300015 0.028 £0.011 037
Femoral neck Cases (N=73) Controls (N=48)
Neck width (cm) 0.108+ 0.084 0.098x 0.060 0.49
CSMI (I:m") 0.078 = 0.067 0.082 £ 0.046 0.70
BMD (g/cm’) 0.025 +0.038 0.037 £ 0.032 0.06
BMC (g) 0231+ 0213 0.281 £ 0.205 0.20
CSA (cmz) 0.080x0.079 0.093 £ 0.060 031




Alwis G

Section modulus (cm™ ) 0.044 = 0.040 0.050+0.027 0.39
Endosteal diameter {cm) 0.103 =0.081 0.090 + 0.057 0.33

Values are mean = SD

Table 3 Annual changes girls at 1 year follow-up

Cases (N=53) Controls (N=50) P-value

Weight (kg) 35403 30 £1 4 0.42
Height (cm) 6+12 571096 0.19
Lean mass (kg) 222075 19+056 0.01
Fat mass (kg) 19+15 1+0.86 <0.001
Lumbar spine Cases (N=50) Controls (N=48)
L3 BMC (g) 0.91 +0.61 0544024 <0.001
L3 BMD (g/cm’) 0.047 £ 0.035 0.024 + 0.014 <0.001
L3 vBMD (g/cm®) 0.004 £ 0.015 0.001 + 0.007 022
L3 width (cm) 016+ 0.10 0.09+0.05 =0.001
L2L4 BMC (g) 235+1.13 1.77 055 0.0019
1214 BMD (g/cm?) 0.042 £ 0.026 0.026+0.01 =0.001
Femoral neck Cases (N=42) Controls (N=43)
width (cm) 0.086 £ 0.247 0.067+0.113 0.64
CSMI cm®) 0.069 +0.167 0.074 + 0.067 0.86
CSA (cm) 0.084 £ 0.180 0.091 +0.078 0.82
Section modulus (cm”) 0.044 + 0.088 0.049 + 0.042 0.73
Endostealdiameter 0.078 £ 0.240 00570114 0.59
Mean Cortical thickness 0.004 £ 0.008 0.005 + 0.005 044

Values are mean * 5D

Table 4 Physical activity in boys evaluated by accelerometers
At 2 vear follow-up in boys Intervention (N=72) Controls (N=55)
Recording time (hrs/day) 12 (1) 13(1)
Mean activity (counts/min) 770 (267) 728 (211)
=3METs (min/day) 211(55) 209 (45)
=6 METS (min/day) 44 (21) 48 (19)
=6000 counts/min (min/day) 16 (10)
>10000counts/min (min/day) 4 (3). p=0.01 2(3)

Values are mean * 8D

Table 5 Physical activity in girls evaluated by accelerometers

At 2-year follow-up Intervention (N=41) Controls (N=40)

Recording time (hrs/day) 12 (1) 12 (1)

Mean activity (counts/min) 644 (184) 590 (115)

=3 METS (min/day) 194 (45) 185 (35)

=6 METS (min/day) 34 (15) 35(12)
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=6000 counts/min (min'day) 13 (8) 11{6)
=10000 counts/min (min'day) 3(3). p=0.001 (1)

Values are mean + 5D
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design. thus smdy cannot rule out that a more intense
fraining program or a program spannng a longer period
could lead to structural and bone muneral benefits also
m FN. For example. soccer traimng for three years in
pre-pubertal boys has been associated with obvious
bone mass benefits also i FN (35). To report that high-
imtensity  osteogenic programs i volunteers are
associated with skeletal benefits does not increase our
knowledge. Instead thus study was designed to evaluate
whether a general school-based PE intervention
program on a population-based level also including
children with little or no nterest in sports. could be used
as a preventive strategy against low bone strength.
Furthermore. we wanted to evaluate an infervention at a
level so that all cluldren could participate.

One cross-sectional publication has reported that a
higher level of daily PA 15 associated with beneficial
structural changes in the hip evaluated by the HSA
software in pre-pubertal children at a mean age of 52
years (38). Two observational studies with 6 and 7 vears
of follow-up i children and adolescents support the
view that higher level of PA 1s associated with the
higher CSA and Z of the FN compared to less active
peers (39, 41). One randomuzed school-based jumping
mtervention program. including three sessions of ten
nunutes per week over seven months. reported that there
were no beneficial effects found in the gain m hip
structure in 43 pre-pubertal gurls m the traming group in
comparison with 25 matched girls in the control group.
In contrast. m 43 early pubertal girls in the same study.
the gam i FN BMD was 2.6% and gain mn Z 4.0%
larger, with a p value < 0.05. m intervention guls in
comparison to the gain in 63 early pubertal girls without
this intervention program (13). Another randonuzed
prospective controlled trial evaluating a school-based
exercise intervention program followed during 20
months, with the mnfervention consisting of circwt
tramnng given for 12 nunutes, three times a week i pre-
pubertal boys. reported that the 31 boys m the
mtervention group had increased FIN BMC 4.3% more
(p <0.01) and Z 7.5% more (p <0.05), than the 33 boys
i the control group (42). The differences in gender.
follow-up period and maturational status may influence
the conclusions in these two papers.

DXA-derived BMD 1s a measure that estimates the
amount of bone nuneral m a three-dimensional bone
structure but projected on a two-dimensional area of the
bone. Because the third dimension of the bone. the
depth, cannot be estimated by DXA BMD 15 also often
called areal BMD (aBMD: g-"r:nf}. which includes the
total amount of bone muneral witlun the scanned area
(43). Thus 15 one problem when trying to estimate the
accrual of bone mineral m a skeleton that changes in
size, as in growing cluldren (43).

41

The large individual vanation in changes in bone size
and body composition (fat mass and lean body mass)
that occur during growth can also obscure results when
prospectively followmg growing children (44). The total
amount of soft fissue, the distribution of fat mass and
the ratio between the fat and the lean mass are also
important when estimating the actual BMD level. It 15
known that differences n fat in the bone marrow or the
soft tissue above. below or around the bones may affect
the DXA bone variables (45 46). Thus, the changes in
lean tissue and fat content during the smdy period could
also influence the estimated level of BMC. The finding
of higher fat mass i control group in the present study
contradicts other studies m pre-pubertal boys that report
participation in sport to be associated with reduced fat
mass and improved gain in lean mass (46).

DXA scamners were designed to measure bone density,
not the structure of a bone, so poor spatial resolution
complicates the detection of bone dimensions (19).
Inconsistent positioning of the hmb, especially n
anteversion of the hip or inaccurate placement of the
ROL may also result in a measurement error (47). This
especially accounts for prospective studies when
mdividual changes are followed by repeated scans in the
same individual. The DXA-derived HSA 15 a two-
dimensional techmque that 1s transferred to a three-
dimensional assessment of the bone For example.
CSMI measured 1n a single plane of a DXA-projected
area does not represent the bending strength of whole
bone because 1t measures CSMI in one direction only
(19). Even a smaller error in this estimate will lead to a
greater error as CSMI 1s proportional to the fowth
power of the radius of the femoral neck (16). The two-
dimensional estimation of the periosteal dimension also
gives rise to problems. as the skeleton can respond to
mechanical load by expansion in different directions (9)
and may be not captured by the HSA analyses. The
calculated CSMI value, derived from a single slice
one plane, may then not reflect the true CSMI. The
bending strength of FN would therefore be inaccurately
estimated. The corfical thickness and the endosteal
diameter are estumated after making assumptions of a
homogenous porosity m the cortical shell a
homogenous cross-sectional shape that assumes FN to
be cylindrical. not elliptical (21).

In spite of these linutations, HSA should be regarded as
one method to focus interest not only on the amount of
bone mineral but also FN structure when trying to better
understand the skeletal response during mechanical load
and PA. The discrepancy when comparing the Literature
highlights the requrement of further prospective
mvestigations in cluldren and adolescences, with the use
of objectively measwed intervention programs and
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three-dimensional imaging techmques such as CT and
MRI when evaluating the hip structural changes.

Walking and cycling to school could be an important
regular sowrce of PA in growing clildren. Cross-
sectional studies support this view when reporting that
walking and cycling to school are associated with a
higher level of PA compared to traveling by vehicle (48.
49). However, this prospective study (50) reported that a
physically active mode of transport to school was not. as
evaluated by accelerometers, associated with higher
overall levels of PA than transportation by car or bus.
Also, there were no differences m the accrual of bone
muneral or gain in bone size when the two transportation
groups were compared. The discrepancy could be due to
fact that the cluldren in the POP cohort were on a
general high level of PA so that the additional PA
provided by active school transportation was of no
biological significance. Another possible explanation 1s
that the cluldren lowered thewr leisure fime PA if they
practiced active school transportation supporting a
previous report which infers the total amount of PA
children to be constant (51). That 15, if children increase
one activity they decrease another. Accelerometer data
supported that there actually was no different level of
PA between the ftwo fransportation groups (50).
Furthermore, the distance from home to school was m
general short in the POP cohort, 0.5 to 1.7 kilometers. In
other words. active school transportation could be of
umportance i cohorts with a low habitual level of PA or
a longer distance to school. Whether or not active
school transportation provides skeletal benefits. as
advocated over the yvears, as well as other health-related
benefits must also be evaluated i further follow-up
studies within this cohort.

The intervention program in the POP cohort. as
estimated by the questionnaire, was associated with a
higher duration of exercise per week In contrast. the
accelerometer data could not venfy thus (27, 28). As
previously shown, the cluldren in the POP study were
all on a relatively high level of PA . wrrespective of being
m the intervention group or not and wrespective of
having active or passive school transportation (27, 28.
50). In fact. all children reached the international
recommended level of 60 munutes of MVPA per day set
by the United Kingdom Expert Consensus Group (34).
The present study supports that the accelerometer-
measured total level of PA was no different between the
mtervention and control group. while the most mntense
activity, above 10,000 counts per minute. was higher in
the mtervention group could possibly be mnfluenced by
an intervention program (27, 28). The finding 15 of
considerable interest as ligh-intensity activities with
few daily repetitions are more important than a long

42

duration of exercise if the purpose 1s to reach skeletal
benefits (7. 26, 52).

Conclusions

A prospective, conftrolled. moderate  exercise
mtervention program in the general school curriculum
for pre-pubertal children aged 7 to 9 vears at baseline
suggests that the increaseed duration of PE classes has a
positive influence on BMC accrual and bone size in the
lumbar vertebrae. However, the program does not
mfluence the bone mineral accrual or structural changes
at the FN during the first two vears. Also. the positive
effects in the LS are less in absolute values in the boys
than 1n the girls during the first two years of follow-up.
The actual self-reported sigmificant differences in the
total duration of PA between the intervention and
control group were not found when the two groups were
compared with the accelerometers for total level of PA
Children in the exercise intervention groups. however.
both girls and boys. were reported with more of the
highest mtensities (= 10,000 counts per nunute) of PA
as detected by accelerometers. Regardless of the mode
of school transportation, all gils and boys reached
above the international recommended level of PA per
day. The relatively low amount of additional PA
contributed by active school transportation seems not to
influence bone health.

Perspectives

Further studies are required to determune whether an
exercise program exceeding two years and in children
closer to puberty could be beneficial also for the FIN
sttucture. In addition. trials with a longer follow-up
period should be performed so as to evaluate whether
the benefits measured at LS are transitory or additive
with each vear over the entwe growth, thus rendering
benefits m PBM and bone size of biological
significance. More advanced techniques such as pQCT
and MRI should be applied for the assessment of bone
structure 1n order to add more knowledge within this
field.
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Peak bone mass as measured by phalangeal bone mineral
density and its association with nutritional status,
socioeconomic status and physical activity: A community
based-cross-sectional study in Galle district

Rodrigo PM
Department of Anatomy, Faculty of Medicine, University of Ruhuna, Galle, Sri Lanka.

Abstract

Current knowledge on bone mineral density (BMD) changes during adolescence is based on the studies done
in Western populations. Obvious differences in determinants of bone health between Asians and Europeans
would not allow such a comparison. Knowledge of the age in which BMD attains its peak is important in
planning health promotional activities in a country. Current recommendations on bone health in Sri Lanka
are based on studies conducted in Western populations but geographical variations in BMD accrual would
limit such an application. This project examines phalangeal BMD (pBMD) in subjects selected from the Galle
district to ascertain the timing of BMD peak and its associations with nutritional status, socioeconomic status
and physical activity, in a cross-sectional manner. The age at which the peak phalangeal BMD is achieved
was determined in 657 healthy men and women, aged between 20-49 years, selected by stratified
randomization from the Galle District. The peak phalangeal BMD was seen in men and women between 30-39
years. Females of this age group (i.e. 30-39 years, n=582) were further studied to examine the associations of
their bone mineral density and bone mineral content (BMC)with anthropometry, physical activity (current and
past), socioeconomic status, dietary intake and biochemical markers of bone health.

Peak bone mass and the subsequent rate of loss would
determine the amount of bone mass left in old age.
From youth to old age, women typically lose half of
trabecular and one-third of cortical bone, whereas men
lose only one-third of trabecular bone and one-fifth of
cortical bone (2). Therefore, Frankie, in 2004 (2)
suggested that optimizing PBM at the pomt of skeletal
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Introduction

Peak bone mass (PBM) can be defined as the amount
of bony t1ssue present at the end of skeletal maturation.
The bone mass of a given part of the skeleton 1s
directly dependent upon both 1ts volume (size) and the
density of the mineralized tissue contained within the
periosteal envelope (1). It has been generally accepted
that peak bone mass at any skeletal site 15 attained in
both sexes during mid-thirties (1). It 15 considered that
bone mass increases rapidly during childhood and
adolescence to 90% of adult levels and reaches the
peak in the third decade (1). Thereafter, bone mass
starts to decline where munerals and collagen matrix
are removed from bone more rapidly than new bone
tissue 15 added. The rate of bone loss, however, varies
between two genders and in different age groups (1).

maturity 15 one method of ensuring higher bone mass
i later life as 1t means that loss begins at a higher
point and it would take a longer time before bone mass
becomes critical.

All the studies on PBM have used either BMD or
BMC as the in-vivo methods of quantifying bone mass
and despite subtle differences they have used these
terms interchangeably in studies on PBM (3.4). The
umportance of achieving an ideal peak bone mass for
bone strength in later life has been suggested by
previous observational and longitudinal studies (2.4).
They have suggested that individuals with a high peak
bone mass are likely to have a high bone mass in old
age, so that, osteoporosis-prone individuals could be
identified much earlier n life if bone density was low
for age. Osteoporosis 15 a systemic skeletal disease
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that 1s mainly characterized and quantified by low
BMD. Although a great emphasis has been placed on
understanding the mechanisms of bone loss i
postmenopausal women and older men, it 15 now
known that early life events are equally important in
the pathogenesis of osteoporosis (4).

Several variables, more or less independent, are
supposed to nfluence bone mass accumulation during
growth: heredity. sex, dietary components. endocrine
factors, mechanical forces, and exposure to risk factors
(5). Quantitatively, the most prominent factor appears
to be the genetic determinant. as estimated by studies
comparing monozygotic and dizygotic twins (7). With
respect to nutrition, the quantitative importance of
calcium intake 1 bone mass accumulation during
growth, particularly at sites prone to osteoporotic
fractures, remains to be clearly determined; the same
can be said for the impact of physical activity. Finally,
the crucial years when these external factors will be
particularly effective on bone mass accumulation
remain to be determined by longitudinal prospective
studies 1n order to produce credible and well targeted
recommendations for the setting up of osteoporosis
prevention programs aimed at maximizing peak bone
mass (6).

The mass of bone fissue present at any time during
adult life 1s the difference between the amount
achieved at maturity and the loss due to aging. Hence
there 15 a growing imterest among researchers fo
mvestigate how bone mass evolves during
development and to identify the important factors that
influence its rate of accumulation (8). Experimentally,
bone mass 1s assessed by burning a piece of bone and
estimating the weight of ash. Using pork carcasses.
Michell et ai., in 1998 (9) found a strong correlation
between the ash confent and both BMD and BMC
measured by Dual Energy Xray Absorptiometry
(DXA). Nagy er al.. m 2002 (10), found 100%
accuracy of DXA m estimating bone mass when
compared with weight of ash. Hence. both BMD and
BMC are used as surrogate measurements of bone
mass in clinical applications and mn-vivo studies.

There are many methods available for bone mass
measurement. They are not much used in clinical
practice. Most of them are used only for research
purposes. For example, single-proton absorptiometry
(SPA), dual proton absorptiometry (DPA), single
energy X-ray absorptiometry (SXA) and radiographic
photodensitometry (11.12) The most widely used
technique to measure bone density 15 DXA.

Measurement of bone mineral content and bone
mineral density

45

BMC 15 measured in grams of bone size where as
BMD 1s expressed as the BMC over the antero-
posterior projected bone area (BA) measured 1n square
centimetres. BMD = BMC g.-"-:m2

BA

There are several different machines that measure bone
density. Central machines measure density in the hip.
spine and total body. Peripheral machines measure
density in the finger, wrist, kneecap and heel

Dual energy X-ray absorptiometry

Radioigraphic  absorptiometry 15 the modern-day
descendent of radiographic photodensitometry (11).
The underlying principle of Dual — energy X-ray
absorpotiometry (DXA) 15 to determine the bone
density in vive by passing a monochromatic or dual
energy photon through bone and soft tissue (11). The
amount of mineral encountered by the beam could be
quantified by subtracting the beam intensity after
passage through the region of interest from the initial
beam intensity. In radiology, attenuation refers to a
reduction 1n an X-ray beam’s intensity. The differences
i tissue densities are responsible for creating the
unages seen on an X-ray. When the beam was passed
through a region of the body containing both bone and
soft tissue, attenuation of the photon beam occur at
both energy peaks (12).

The regions most often measured with DXA are the
hip (proximal femur) and lumbar spine (second lumbar
vertebra to fourth lumbar vertebra), but it can also be
used for measurement of other peripheral sites such as
radius, calcaneous or even the total body. From a total
body scan, lean mass, fat mass and even regional bone
masses like arms, legs. head, and trunk can be
obtamed. Hip measurement 1s the best site for
predicting hip fracture where as the spine measurement
15 the best site for the prediction of vertebral fracture.
Central DXA (lumbar spine and proximal femur) 1s
used for research and making therapeutic decisions,
whereas peripheral DXA (finger and or heel). 15 used
for research and screeming purposes (12). Dual energy
X-ray technology 15 also being employed in portable
devices dedicated to the measurement of one or two
appendicular sites. As such. these devices are
characterized as peripheral DXA devices (12).

Method

Investigation 1

The eligible men and women were subjected to the
measurement of BMD and BMC of the middle phalanx
of the middle finger of the non-dominant hand (14)
using the accuDXA (Shick technology, New York,
USA), portable densitometer with DXA . Its scan time

Ruhuna Journal of Medicine July 2013, Vol. 01, No. 01



[ Review

46

is less than one minute and gives BMD as g/em” and
BMC m grams. Machme has a precision of less than
1.0% with an inbuilt quality control procedure, hence
no user mtervention 1s required (12). It imtally
obtains a digital picture of the middle phalanx to make
sure the proper positioning of the region of interest in
the scanning area and then measures both bone mineral
content and bone mineral density. All scans were done
with the help of one technician who had traming on
accuDXA and the accuracy and precision of the
machine was tested on each scanning day using the mn
built software in the machine. Machine was kept in a
cool environment during scanning to ensure the
accuracy of estumations.

Seven hundred and forty five (745) individuals of 20 to
49 vears of age were mvited and 702 subjects
(response rate 94.2%) attended the interview (352
males and 350 females). Forty five subjects (6%) were
excluded from the sample due to the presence of
diseases or having received medications, which could
affect bone metabolism.

Investigation 2

After analyzing the results of the investigation 1, (table
1.1 & 1.2 above) it was found that both men and
women reached peak bone mass between 30-39 years.
BMD among women in this age group was further
studied to examine the association of BMD with
physical activity, social status, dietary intake,
nutritional status assessed by anthropometry and
biochemical markers of bone health.

Table 1.1 Mean BMD (SD) of 324 males and 333
females according to the age categories’

20-29 30-39  40-49

*P-value
VIS yIs VI'S
0595 0603 0591
Male 6057  (0.061) (0.066) 2
Female 0495 0506 0502

(0.057) (0.062) (0.064)

'There were 108 males and 108 females in 20-29 yrs
category, 105 males and 110 females 1n 30-39 yrs category
and 111 males and 115 females in 40-49 yrs category

*p compares the mean BMDs in three age groups and
calculated using ANOVA

Measurements of the BMD and BMC

Measurements of the BMD and BMC were done by
using AccuDXA (Shick technology, New York USA).
Measurements were taken by the same technician who
participated in the mnvestigation 1. and precautions
described earlier were taken to ensure the accuracy of
the measurements.

Table 1.2  Mean BMC (SD) of 324 males and 333

females according to the age categories’

20-29 30-39 4049
yIs yIs yIs

*P-value

215 221 217
Male 34 (036) (039 %
148 155 155

(028) (031) (031)

'There were 108 males and 108 females in 20-29 yrs
category, 105 males and 110 females in 30-39 yrs category
and 111 males and 115 females i 40-49 yrs category

*p compares the mean BMCs in three age groups and
calculated using ANOVA

Female 0.15

Biochemical analvsis

The subjects were structed to be present at
designated places at a given tume (1.e. 0800hours in the
morning) 1n batches with overnight fasting fo obtain a
sample of venous blood (5ml) for the biochemical
assessment of serum vitamin D, parathyroid hormone
and alkaline phosphatase. Blood was drawn from the
median cubital vein under sterile conditions using
disposable  syringes.  Specimens were brought
immediately to the radioimmuneassay (RIA)
laboratory of the Nuclear Medicine Unit, Faculty of
Medicine i a box contamning ice packs and serum
separation was done without a delay and the separated
sera were stored in a freezer at -80°C.

Results

Bone mineral densitv (BMD) and bone mineral
content (BMC)

Mean (SD) BMD of the study sample was 0.493 (0.06)
g/em’ and mean BMC was 1.49 (SD 0.28) g. BMD
the sample ranged from 0.230 to 0. 660 g/em” while
BMC ranged from 0.85 to 2.36 g characteristics of
study subjects were shown in Table 2.1

Effect of anthropometry on BMD/ BMC

Simple linear regression was performed with BMD as
the dependent wvariable and all anthropometric
measurements separately as independent variables.
When all measures were included in the model and
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Table 2.1 Characteristics of the subjects under study
(n=582)

Measurement Unit Mean sD
Weight kg 51.06 8.9
Height cm 154 5.6
BMI' kg/m’ 2161 3.6
Abd girth* cm 744 89
Chest circum®  cm 86 83
Hip circum®  cm 89.97 8.3
SFT’ mm 15.72 6.4
Foot length cm 2348 79

‘BMI — body mass index (weight / height)
*Abd girth - Abdominal girth

*Chest circum -Chest circumference

*Hip circum -Hip circumference

3SFT- Skin fold thickness

Table 2.2  The association between BMD and
anthropometric measurements'

Regression
Co-
Measurement T r’ efficient p-value

Weight (kg) 029 008  0.002 <0.001
Height (cm) 034 012  0.004 <0.001

BMI (kg/m®) 015 002  0.003 <0.001

Abd girth

(cm) 02 004 0001 <0.001
Chest circum

(cm) 02 004 0001 <0.001
Hip circum

(cm) 0.18 003 0001 <0.001
SFT (cm) 0.01 00001 0.0001 p=0.80
Foot length

(cm) 003 0001 00002 p=049
'n="582

weak associations were excluded in step-wise fashion,
height remained the strongest predictor of BMD
(regression coefficient 0.004; SE 0.0004; p<0.001). In
this model. height alone explained 12% of variation in
BMD (Table 2.2).

Other measurements such as weight: abdominal
ciccumference,  chest circumference, and hip
circumference, when taken mdividually were able to
explain only 3-8% of variation in BMD. A one
centimeter difference in height was associated with
0.004 g/cm” difference in BMD. Similarly. a change of
one kilogram was associated with 0.002 g/em’ change

in BMD. A unit inerease in BMI was associated with
an increase in BMD of 0.003 g/em™ (Table 2.2).

Socioeconomic status on BN BMC

Classification of subjects according to the current
socio-economic status 1s shown in Table 3. None were
qualified to be included in Class 1 while 242 women
were 11 social Class 2. There was no. difference in
BMC/ BMD according to their social class indicating
that socioeconomic status of these women had no
significant influence on the peak bone mass observed

Physical activity on BMD/ BMC

They were categorized according to their physical
activities as very active, moderately active, and less
active dependmmg on the type and duration of thewr
physical activities. None of the participants were
qualified to be named very active based on their
current physical activity. BMD and BMC results
according to thewr physical activity are presented in
Table 4.

Women who were very active in their school days had
the highest BMD irrespective of their current activities
(mean BMD of 0.533 in very active women in the
past). Women who were less active both m the past
and at present had the lowest BMD (mean level of
0.448). In general, there was a positive association
between BMD and the intensity of physical activity, 1n
which BMDs of the moderately active women in the
past were in between those of less and very active
women irrespective of thew current activities
(p<0.001).

Dietary intake on BMD/ BMC

The intake of macro and some micro nutrients

were assessed by a 24-hour dietary recall on three non
consecutive days. The dietary survey data sheets that
lacked information on any of the three days were
excluded (n=5). Furthermore, incomplete recalls (n=3)
or unrealistic data (n=53) that could not be corrected
reliably were also rejected. Exclusion of unrealistic
data was done with the agreement of the specialist on
nutritton who oversaw the data collection. 524 study
subjects or 90.0% of the total sample were able to
provide complete dietary records. After recording and
summarizing the recalls, the food intake data were
converted mto nutritional values with the help of Food
Composition Tables (15). Daily energy and nutrient
intakes were calculated in the three-day intake and
presented as the average mtake (mean, SD. median and
mter-quartile range) in Table 5.
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Table3  BMC and BMD according to the socioeconomic status’
BMC BEMD
Category ) o mean SD ~ mean SD
Social Class® Class- 2 242 1.485 0.269 0.49 0.057
Class -3 136 1.483 0.285 0.489 0.059
Class 4 155 15323 0.298 0.497 0.063
Class- 5 50 1512 0.298 0.501 0.062
(f=0.87; p=0.46) (f=0.74; p=0.53)
Marital status Unmarried 202 1.507 0.231 0.496 0.052
Married 380 1.492 0.308 0.491 0.064
(f=0.90; p=0.34) (f=0.38; p=0.54)
Education’ Upto O/L 198 1.55 0.368 0.504 0.074
AL 324 1.45 0.221 0.484 0.051
Above A/L 60 1572 0.208 0.509 0.045
(f=10.35; p<0.001) (f=9.85; p<0.001)
Occupation® Professional 254 1444 0.227 0.482 0.052
Clerical 133 1.541 0.225 0.502 0.048
Skilled 132 1.333 0.24 0.463 0.053
Unemployed 63 1.961 0.142 0.58 0.032
(f=121.55; p<0.001) (f=85.86; p<0.001)
Income’ < Rs.5,000.00 20 1.784 0.369 0.548 0.078
Upto Rs.10,000.00 162 1.601 0.278 0.515 0.058
> Rs. 10,000.00 400 1.44 0.26 0.481 0.056
(f=32.25; p<0.001) (f=28.98; p<0.001)

'n= 582, p and f -values were calculated from analysis of variance (ANOVA)

*Classification of social classes were given in Chapter 2. section 2.2.2.4. page 24

*Educational level was grouped as those who did not complete Advanced Level (A/L) examination, an upto
Ordinary level (O/L), those who had at least one attempt in A/L to A/L group and those who had etther a diploma
or University degree in above A/L group 4 Income was calculated for the gross earmings of the family

Table4 Mean BMD (SD) by past and present physical activities

Past activities

Very active Moderately active Less active
Moderately active 0.533 (0.050)° 0.491 (0.06)" 0.471 (0.05)°
Present
activities (n=127) (n=134) (n=97)
Less active 0.533 (0.04)° 0.477 (0.05)° 0.448 (0.07)°
(n=40) {n=1_42} _ {n=42)

*B< values with different superscript in a row are significantly different (ANOVA. p<0.001)
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Table5  The average daily energy and nutrient intakes'

49

Parameter Mean intake sD Median IQR

Energy (Kcals/day) 2268.6 5158 228557 1910 -2600
Protein (g/day) 27.72 14.5 2439 20.60 -28 40

Fat (g/day) 43 268 38.03 30.10-50.40
Calcium (mg/day) 78349 461.6 659.33 450.00 - 1028.00
Phosphate (mg/day) 1042 39 2893 1009 .42 841.00-1216.00
Iron (mg/day) 20.04 123 18.38 14.30-23 40
*Vitamin D (pg/day) 498 5.53 25 1.5-2596
*Vitamin K (pg/day) 0.88 143 403 021-242
*Vitamin A (ug/day) 2669 1.72 27562 192.10 - 387.60

! calculated from the 3-day intake and presented as mean intake,_ standard deviation (SD), median and inter quartile

range (IQR); n=524

* data on vitamin D intake obtained from 363 subjects

? data on vitamin K intake obtained from 78 subjects only
* data on vitamin A intake obtained from 413 subjects

Table 6 Daily intake of nutrients (according to % Recommended Daily Energy Intake)'

Below 75% 75-100% above 100%

(n=68) (n=190) (n=324) F-test’ P-value’
Energy intake (Kcals) 1406.55(165.8)  1949.02(150.6) 2636.90(327.2) 80991 <0.001
Protein intake (gm) 23.63(12.6) 25.47(13.6) 29.89(14.9) 8.89 <0.001
Fat intake (gm) 32.64(20.4) 37.76(25.1) 48.17(27.7) 15.52 <0.001
Calcium intake (mg)  468.72(251.5) 718.86(4103)  856.30(487.2) 27.84 <0.001
Phosphate intake (mg)  722.97(170.6) 911.37(196.0)  1186.27(264.1) 154.27 <0.001
Iron Intake (mg) 13.94(8.2) 17.03(6.0) 23.08(14.5) 26.25 <0.001
Vitamin D(ug) 6.55(36.16) 24 .68(43.5) 20.82(41.6) 0.021 0.487
Vitamin K(ug) 2.63(1.4) 2.04(3.1) 1.48(1.7) 1.104 0.337
Vitamin A (pg) 318.64(165.0) 291.49(137.6)  306.03(143.4) 0.794 0.453

'The recommended daily intake (RDI) of energy was taken as 2200 Kcals/day based on recommendations of
WHO/FAO expert panels and published in Nutrition Guide by Department of Health Services in 2000 (16)

* The f-test and p-value from analysis of variance (ANOVA)

Table 7 BMC/BMD in different categories of enerpy intake (n=524)

Subjects who met daily energy requirement

< 75% 75-100% =100%

(n=68) (n=190) (n=324) F-test P-value
BMD 0.484 (0.05) 0.488 (0.06) 0.497 (0.06) 222 0.11
BMC 1433 (027)* 1468 (0.28)* 1.527 (0.28)" 462 0.01

F-test and p-value from analysis of variance

*® values with different superseript in a row are significantly different (p<0.01)
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Table 8 Mean BMC/ BMD of different categories determined by consumption of calcium from dairy products '

Daily 2-5 times Less than 2 times
(n=343) per week per week
(n=206) (n=30) F-test P-value
BMC 1.498 (0.015)° 1.512 (0.020) 1.373 (0.053)° 3.114 0.045
BMD 0.492 (0.003) 0.497 (0.004) 0.472 (0.011) 2317 0.099

! corrected for calcium intake from non-dairy products; results expressed as mean (SE)
*® values with different superscript in a row are significantly different (ANOVA: p=<0.01)

Table 9 Mean BMC/ BMD of different categories determined by consumption of calcium from non-dairy products’

Daily 2-5 times Less than 2 times
(n=172) per week per week
(n=304) (n=102) F-test P-value
BMC 1.508 (0.022) 1.507 (0.016) 1.446 (0.029) 1.881 0.164
BMD 0.495 (0.005) 0.495 (0.003) 0.482 (0.006) 1.87 0.155

' comrected for calcium intake from dairy products: results expressed as mean (SE); f-test and p-value from analysis of
variance (ANOVA)

Table 10 Mean BMD (SD) according to the frequency of dairy and non-dairy calcium consumption’

Dairy calcium

Daily 2-5 times wk < 2 times wk
Daily 0.493 (0.07 0.497 (0.07) 0.508 (0.07)
n=171 n=169 n=101
2-5 times wk 0.495 (0.06) 0.496 (0.06) 0.484 (0.06)
Non dairy calcium
n=323 n=250 n=125
<2 fimes wk 0.476 (0.05) 0.495 (0.06) 0.452 (0.05)
n=222 n=154 n=66

'BMD of women who consumed less calcium (either in the form of dairy or non dairy) was significantly lower (p<0.05 by
ANOVA)

Table 11 Mean values (SD) of serum 25(0OH) D, 1-PTH and ALP in 434 subjects

Parameter unit mean sD

Serum parathyroid hormone pe/ml 4997 24 64
Serum 25(OH) D nmol/L 3532 24.71
Serum Alkaline Phosphatase IU/L 64.18 2751
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Table 12 Pearson correlation coefficient (r) between BMD/BMC and serum measurements’

BMD BMC
Measurement r p-value r P-value
25(0H) D 0.127 0.008 0.124 0.01
1-PTH -0.164 0.001 -0.152 0.002
ALP -0.016 0.74 -0.03 0.52

! 1=434; serum 25(OH) D has shown a significant positive correlation with BMD/ BMC whereas intact parathyroid hormone has
shown a significant negative comrelations (p=<0.05)

Table 13  Anthropometry, BMD and other serum measurements (PTH, ALP) in the thirds of 25(0OH) D

concentrations’'
Measurement Lower third Middle third Upper third
of 25(0OH)D of 25(OH)D of 25(OH)D f-test P-value

BMC 1.475 (0.29) 1.489 (0.28) 1.542 (0.27) 2147 0.12
BMD 0.485 (0.06)" 0.493 (0.05)" 0.503 (0.06)° 3449 0.03
Weight 50.57 (9.2) 51.17 (9.2) 51.02 (8.1) 0.111 09
Height 155.28 (5.0)° 153.50 (6.0)" 152.59 (5.2)° 8.047 0.03
BMI 2098 (3.7) 21.75(3.8) 2193 (3.3) 2262 0.11
Foot length 2328 (1.3) 2446 (1.7) 23.13(1.0) 0.725 0.49
Abd girth 74.22 (8.8) 74.90 (9.2) 74.43 (9.2) 0.186 0.83
Chest circum 85.78 (7.9) 86.29 (8.5) 86.30(8.1) 0.162 0.85
Hip circum 90.36 (8.0) 90.75 (8.3) 88.84 (8.8) 193 0.15
SFT 1521 {5.9) 16.01 (6.4) 15.86 (6.9) 0.533 0.59
Serum 1-PTH 69.61 (16.7)° 53.10 (21.6)° 30.11 (17.7)° 141.91 <0.001
Serum ALP 61.72 (24.6) 66.52 (25.7) 64.50 (31.2) 1.119 0328

! there were 145 subjects in each thirds of serum vitamin D

%5 values with different superscript in a row are significantly different (ANOVA; p<0.05)

The intake of different nutrients and the recommended
daily mtake (RDI) for Sr1 Lankan (16) in this age
group were examined. It was evident that only 324
women (55.7%) meeting the recommended daily
energy intake of 2200 Kecals/ day. 514 women
(88.3%) met up to 75% of daily energy requirement
and 1 11.7% of women’s diet contained below 75%
(Table 6) of the requirement. It was also shown that
the imntakes of other dietary components (protein fat,
caleclum, won and phosphate) were significantly
improved with the energy mtake except in the case of
dietary vitamun A D and K (Table 6). In the
categorical analysis (Table 7). mean (SD) BMD and
BMC values mn the three categories of energy mtake
defined as a percentage of total energy intakes showed
a positive trend where women in the highest energy
category had the highest BMD/BMC while women 1n

the lowest energy intake category had the lowest BMD
and BMC wvalues. Difference of BMD (2.6%) between
the lowest and the highest was not statistically
significant while difference of BMC (6.6%) was
significant.

Effect of calcium on BMD/BMC

In addition to the survey by 24-hour recall method, the
calcium intake among women was assessed by using
food frequency questionnaire. Among the good
sources of calerum, dairy products (mulk, voghwrt, curd
and cheese) as well as non dairy calcium sources such
as green leaves, lepumes. and small fish were
considered and the frequency of thewr infake was
documented. For the analysis, subjects were
categorized as those who consumed these foods daily,
2-5 times per week and less than 2 times per week.
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Effect of the consumption of dawy products on BMD/
BMC was examined after adjusting for non dairy
calcium intake. Consumption of dairy caleium daily or
more than 2-5 times per week was associated with
stgnificantly higher BMC (p=0.05) when compared
with those who consumed dairy calcium less than 2
times per week (Table 8). A Similar relationship was
found with BMD but the difference did not reach
statistical significance.  Further, effects of the
consumption of non dairy caleium on BMD/ BMC
were examined after adjusting for dairy caletum. Even
though 1t was evident that BMC/ BMD levels were low
m those who consumed non dawy calerum less than 2
times per week the difference was not statistically
significant (Table 9).

The effect of both dairy and non-dairy caleium on
BMD was examined in 3x3 table using ANOVA with
categories of dawy and non-diary calerum as fixed
factors (Table 10). There was no significant difference
m BMD in women who consumed any source of
caleium more than 2 times a week. However, women
who consumed both dairy and non-diary calcium less
than 2 times per week had the lowest BMD.

Biochemical measurements

Serum samples obtamed from study subjects were
analyzed for 25-hydroxy vitamin D

{25(0H) D}and intact-parathyroid hormone (1-PTH)
using radiommmunoassay technology. Serum total
alkaline phosphatase (ALP) levels were also estimated
using kinetic method. Blood was not able to collect
from 62 subjects as they did not present for blood
drawing sessions. Furthermore, 86 serum samples that
were spoilt during storage had to be discarded. As a
result, 434 serum samples were finally analyzed for
25(0H) D. 1-PTH. ALP and the results are illustrated
in Table 11. Mean (5D} level of 25(0OH) D was 35.32
(24.7) nmol/'L. while median and IQR were 30.84 and
15.75-52.36 respectively. Severe vitamin D deficiency
below 12.5nmol'lL. defined according to the Lips
(2001) classification (127) (below 12 5nmol’L) was
seen m 214% of subjects. 19.1% subjects had
moderate (12.5- 25 0nmol/L) and 15.7% had muld
(25.0-35.0nmol'L) vitamin D deficiency.

Mean (SD) 1-PTH concentration of the study sample
was 49 .97 (24 64) while median and IQR were 52.00
and 30.87 -70.00 pg/mL respectively. Elevated serum
1-PTH concentrations (defined as a serum 1-PTH
concentration >650pgm/'L) was observed mn 142
(33.5%) subjects. Mean (SD) serum ALP
concentration was 64.18 (27.31) while median and
IQR were 61.75 and 44.99-78.00 IU/L respectively.
Elevated serum ALP (defined as serum ALP =95.00
IU/L) was observed in 51 (12.1%) subjects.

Effect of serum 25(0OH) D and i-PTH on
BMC/BMD

Serum 25(0H) D showed a sigmificant positive
correlation with BMD (1=0.13, p=0.008) and BMC
(r=0.124, p=0.010) (Figure 3.1) and a sigmificant
negative correlation with 1-PTH (r= -0.624. p=0.000).
Serum 1-PTH showed a significant negative correlation
with BMD(r= -0.164, p=0.001 and BMCi{1= - 0.152,
p=0.002) (Figure 3.2). Although ALP had negative
correlations with BMD and BMC, they were not
statistically significant (Table 12).

Correlation of serum 25(0H) D and i-PTH

Serum 25(OH) D had a negative correlation with 1-
PTH. Regression model was fitted with 1-PTH as the
dependent variable and 25(OH) D as the independent
variable to asses the relationship of these two variables
and the following formula was developed.

Y =a+ be (a = intercept = 73.08; b = slope =-0.62)
When 1-PTH value of 65 0pg/ml was considered as the
cut-off value which demarcates the elevated serum
parathyroid response, above formula was used to
calculate the serum 25 (OH) D values that would
mnitiate the rise of PTH level: Where

Y = cut-off for elevated 1-PTH (65pg/ml); c = 25(0H)
D levels 1-PTH rise

When the results were applied to the above formula:
Y=a+Dbc (65=73.08~(-0.62x¢c)c=1302)

The imtiation of rise in 1-PTH in the sample was seen
at 25(0OH) D level of 13.02nmol/l

Hence this level would demarcate 25 (OH) D
msufficiencies among the subjects i the sample. The
present study revealed that only 22.1% (n=96) of
subjects had 25(0H) D levels below 13.02nmoll. In
this subgroup. 76% of subjects (n=73) had elevated 1-
PTH (above 65pg/ml). Other 24 % (n=23) had mean 1-
PTH concenfration of 51.64pg'ml (median of
58.00pgm/1).

Further, BMC/BMD, anthropometric indices and other
serum measurements were analyzed i the tertiles of
25 (OH) D concentrations (Table 13). In contrast to
women in the lower tertile of 25(OH)} D, women 1in the
upper tertile were shorter, had higher BMD and lower
1-PTH level BMC. weight and BMI showed no
difference in the tertiles of 25(0OH) D. Women with
lower 25(0OH) D had higher 1-PTH level and women
with higher 25(OH) D had lower 1-PTH level
Furthermore, 1-PTH showed a trend across the tertiles
of 25(0H) D. ALP which was tested as a surrogate of
hypovitaminoses D did not show a difference in the
tertiles of 25(0H) D (Table 13).
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Discussion

This study provides information on BMD of
appendicular skeleton in a group of healthy Sr1 Lankan
men and women. Results of the present study indicate
that phalangeal peak bone mass 15 achieved between
30 and 39 years in both sexes. Compared to women of
the same age category, men had a hugher (19%) bone
muneral density (17).These findings are comparable
with the Third National Health and Nutrition
Examination Swvey (NHANES-III) conducted 1n the
USA. which showed higher BMD in men than in
women 1n all age groups (17). Puberty 15 the period
during which the gender differences in BMD both in
the axial and appendicular skeleton begin to appear
(19). It 1s also well known that men have bigger bones
than women (24). Gender difference in BMD partly
depends on the bone size as the differences in BMD
were muuimized when they were adjusted for bone
volume (19).  Furthermore. the volumetric bone
muneral density appears to be simular in the female and
male newborns (19).

According to Bonjour ef al, in 1994 (1) the age at
which peak bone mass 15 achieved has been shown to
vary in different study populations and in different
skeletal sites. In the present study, men and women
reached the peak bone mass between 30 and 39 vears.
In the USA, all three major ethnic groups (non-
Hispanic White, non-Hispanic Black and, Mexican
American) reached the peak hip BMD between 20 and
30 vears (17). Delays in reaching the peak bone mass
i populations outside the USA have been reported.
Saudi women reached peak spine BMD around 35
years (18). Similarly mn Greek women. while spinal
BMD reached 1ts peak between 30 and 35 vyears
femoral neck peak BMD was seen between 25 and 30
years (20). In Chinese women, although peak BMD in
proximal femur was seen between 20-24 vyears. the
peak BMD in the forearm bones was not seen unfil 40-
44 vyears (21). The exact reasons for the delay in
reaching the peak bone mass i certain populations are
not known. As suggested by Bonjour ef al., 1994 (1)
variations in genetic, social, and nutritional states in
different populations may have played a role_ It 15 also
possible that BMD trends n different skeletal sites are
under different genetic control mechanisms. A recent
study conducted in Southern Sr1 Lanka (22) among a
group of community dwelling healthy women, showed
an age discrepancy in achieving PBM in two central
skeletal sites. Although this study was not reassigned
to study the time of PBM. the maximum spie BMD
was observed between 30-39 years while hip BMD
reached the maximum between 40-49 years. This
delay in PBM in Sri Lankan subjects may be due to

several reasons. Genetic factors and nutrition appear
to be the most plausible explanation. The average
daily income in Sr1 Lanka 1s below SLR 500.00 (USD
3.88) and 1t 15 well below the figures of other countries
in the region and outside. According to the population
census in 2004, nearly 20% of households were below
the National Poverty Line (23). Nufrition and poverty
are linked in many ways and poor nutrition may play a
role 1n fiming of PBM 1n Sr1 Lankan population. The
results of this study could not be compared quantity
wise with the PBM observed elsewhere as there are no
data available on pBMD from other countries.
However when calculations were done based on BMD
and T scores of two individuals, the mean and SD used
as the reference values in the machine were estimated
to be 0.512 and 0.06 g/cm? respectively. Our results
were highly comparable with these figures. While
SD’s were the same, mean BMD of the reference
population was only 2 0% higher.

Conclusions

This project examines the peak bone mass m a
peripheral skeletal site which 1s rich in cortical bone,
with regards to its fiming and association with
historical determinants of bone health in a group of
subjects from the Galle district selected by stratified
randomization method. The mam aim of the present
study 15 to  determine the most appropriate
interventions which can be used in the community
level to improve peak bone mass among Sri Lankans.
The study was conducted in the Galle distriet which
has most of the characteristics that describe the cross-
section of normal Sri Lankan population. The rural-
urban mix, the full spectrum of socio-economic strata,
and agricultural base with supplementary imndustries are
some of these key characteristics.

It 15 hoped that findings of this project would help
health policy makers when formulating guidelines and
recommending inferventions in promoting bone health
especially among adolescents and preadolescents in the
country. Findings of this study can be used as a
baseline for future studies in this area.

Based on the findings of this project, the following
conclusions can be made

Phalangeal BMD/BMC reaches its peak between 30-39
years 11 both males and females.

Males have a higher BMD/BMC when compared with
females in the same age group.

In women. height. weight, body mass imndex, hip
circumference. chest cuwcumference and abdominal
oirth showed sigmificant associations with BMD and
BMC
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Of the anthropometric indices exanmined. height was
the best predictor of the phalangeal BMD in women
participated 1n this study.

In women. physical activity during adolescence has a
positive and long lasting effect on bone mineral
density.

Dietary calcium has no linear relationship with peak
BMD/ BMC 1 women. However, phalangeal BMD
was lower among women who consumed both dawry
and non-dairy calcrum rich food nfrequently.

The peak BMD/ BMC showed a vanation in different
socio-economic classes partly due to inequalities of
mcome and degree of physical activity

In contrast to the widely held belief. hypovitaminosis
D 15 prevalent among these community living healthy
women. Hypovitaminosis D was a significant
deternunant of BMD/ BMC 1n this group of women
1-PTH among women in this study showed an mnverse
correlation with vitamin D levels. The rise of 1-PTH
occurs when 25 (OH) D levels 1s reduced below 13.02
nmol/L.

Serum alkaline phosphatase, the widely used surrogate
marker of vitamin D deficiency mn clinical evaluation
of patients, showed poor correlaion with vitamm D
and PTH levels m women in this study indicating that
1t 15 not reflective of serum vitanun D level.
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The assessment of accuracy of cytobrush technique and
spatula techniqgue when compared to the histopathology in
the diagnosis of oral premalignant and malighant lesions
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Abstract

This comparative study was conducted to analyze the cytological smears prepared from oral premalignant
and malignant lesions by the use of two cytological techniques.

The smears taken with spatula from oral premalignant lesions showed epithelial cells predominantly from
superficial and intermediate cell layers. A few parabasal cells were also seen in smears taken from ulcerative
leukoplakia lesions. But smears taken with the cytobrush showed cells from all three layers of the epithelium

with a good cell harvest.

In analysis, we found a statistically significant difference between the two cytological techniques used for the
diagnosis of squamous cell carcinoma and dysplasia. The the cytobrush technique appeared to be as

accurate as the histopathological technique.

Corresponding author: Nanayakkara PGCL

=pgclnana@med.rub.ac.lk>

Introduction

Oral cancer 15 a serious disease in which many cases
have a disastrous outcome. Annually 20000 new
cancer patients are detected in Sr1 Lanka, from which
1500-2000 cases are oral cancers. It 15 the highest-
ranking malignant tumor in Sr1 Lanka. Deaths form
oral cancer i Sr1 Lanka 15 1095 per year. Therefore, it
15 a major health problem m Sr1 Lanka (1).

Population screening 15 an accepted method of
reducing the morbidity & mortality. But clinecally
differentiating the premalignant and malignant lesions
from similar looking benign lesions at an early stage 1s
difficult (2). As scalpel biopsy 15 invasive & associated
with potential morbidity, many oral lesions are
subjected to biopsy only when they display the features
of malignancy, while innocuous looking early stage
cancerous lesions are merely observed clinically. This
may be the reason, n part. for more than 50% of oral
cancers to be diagnosed in the advanced stage.
Therefore, early detection of apparently innocuous oral
cancers 15 mandatory. The above sifuation leads to the
necessity of a simple technique to diagnose oral cancer
in its early stages and to predict the behavior of
epithelial dysplasia.

Since 1992, a number of cytological studies has been
conducted using the cytobrush technique for the above
purpose, but all these studies concentrated on the test
diagnostic  characteristics like  sensitrvity  and
specificity. Even the largest study conducted in 1999
(3) 15 mcomplete as the cytological diagnosis of 618
smears were not compared with their lustopathological
diagnoses. Therefore, it 15 necessary to do further
studies before using the cytobrush as a diagnostic
mstrument (screening technique) by comparing the
diagnosis made by the cytobrush technique with the
histopathological techmique in the diagnosis of
malignant and premalignant lesions.

Almost all the above studies using cytobrush technique
were conducted m western counfries where the
majority of leukoplakia lesions are due to smoking (4)
and not due to chewing betel as in India and Sr1 Lanka
(5). Normally. the keratotic laver of leukoplakia
lesions due to chewmg betel 1s thicker than that due to
smoking tobacco. Therefore, 1t was decided to find out
whether the same cytobrush techmique will be equally
effective 1n diagnosing the leukoplakia lesions in the
Sri Lankan population.

Methodology

Subjects were selected according to thew climcal
presentation as oral premalignant lesions and oral
carcimnoma from Oral and Maxillo-facial umits of
Teaching Hospitals, Galle, Kandy, Peradeniya and
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General Hospital, Matara. Prior to the study informed
written consent was taken from the subjects.

Two cytological smears were taken from the same
lesion by using a cytobrush plus cell collector and a
metal spatula by complete randomization procedure.
Subsequently a surgical biopsy was taken from the
same lesion for the tissue diagnosis.

Cytological smears were stained with modified
papanicolaou stammng technique and histological
secttons with H & E. The cytological smears were
assessed using a light microscope. In assessment of a
cytological smear, the whole cytological smear was
examined and the gradings were performed under high
power (x40). According to the findings diagnosis was
made as Normal, Inflammation, Keratosis
Hyperkeratosis, Dyskaryosis (mild, moderate. severe).
Carcinoma and Inadequate smear.

Methods of statistical analysis

We evaluated these different techniques by calculating
sensitivity, specificity, accuracy, positive and negative
predictive values and also used Chi-squared goodness
of fit test to test whether an observed frequency
distribution of diagnoses by two cytological techniques
deferred sigmificantly from the histopathological
diagnosis.

Results
Cvytological diagnosis of clinically malignant lesions

Final results of the listological and cytological
analysis are show an in the Table 1. In statistical
analysis, 4 non-squamous cell carcinoma lesions and 3
madequate  cytological smears were removed.
Therefore the number of clinically malignant lesions
studied was 69.

1. Comparison of spatula and cytobrush techniques
with the biopsy techmique in the diagnosis of
clinically malignant lesions (Diagnosed as Severe,
Moderate, Mild epithelial dysplasia, Squamous cell
carcinoma and others) A statistically significant
difference was observed in between the spatula
technique (X°=23.685: d.f. = 4: p = 0.000) and the
biopsy technique in the diagnosis of oral carcinoma
lesions. There was no statistically significant
difference between the cytobrush technique (X =
2307; df. = 4; p = 0.680) and the biopsy
technique.

2. Comparison of spatula and cytobrush techniques
with the biopsy techmique in the diagnosis of
clinically malignant lesions (Diagnosed as
precancer, cancer and others)

A stanstically significant difference was observed
between the spatula technique (X* = 22.306: d.f. =
2; p = 0.000) and the biopsy techmque in the
diagnosis of clinically malignant lesions. There was
no statistically significant difference between the
cytobrush technique (X* =1.910; df. = 2; p =
0.385) and the biopsy technique.

3. Comparison of spatula technique with cytobrush
technique in the diagnosis of clinically malignant
lesions (Diagnosed as Severe, Moderate, Mild
epithelial dysplasia, Squamous cell carcinoma and
others) A statistically significant difference was
observed between the use of spatula technique (X*=
11.397; df. = 4; p = 0.022) and the cytobrush
techniques in the diagnosis of clinically malignant
lesions.

4. Comparison of spatula technique with the
cytobrush technique in the diagnosis of clinically
malignant lesions (Diagnosed as pecancer. cancer
and others) A statistically significant difference was
observed between the use of spatula (X: = 10.524;
d.f. = 2; p = 0.005) and the cytobrush techniques in
the diagnosis of climically malignant lesions.

Therefore, in the diagnosis of oral cancer and
precancerous lesions. the cytobrush technique 1s as
effective as the biopsy technique. The cytobrush
technique 1s also more effective than the spatula
technique in the diagnosis oral malignant and
premalignant lesions.

Evaluation of diagnosis of clinically malignant
lesions

To evaluate the cytological diagnosis of oral squamous
cell carcinoma by the spatula and the cytobrush
techniques, the sensitivity, specificity and the accuracy
rates were calculated. Thereafter the chi-squared test
was applied to find out whether the observed
differences of these figures were due to chance alone
or not.

Spatula technique

(a) Evaluation of diagnosis of precancers in
clinically malignant lesions

Sensttivity = 88.89%, Specificity = 64.71%,

Accuracy = 71.01%, PPV = 47.06%, NPV =94 29%

(b) Evaluation of diagnosis of cancers in clinically
malignant lesions

Sensitivity = 60.42%, Specificity = 95.24%. Accuracy
=71.01%. PPV =96.67% NPV =51.28%
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Table 1 Histopathological and cytological diagnosis of clinically malignant lesions

Histopathological No. of Cytological Diagnosis
Diagnosis CAses _ _ Spatula Cytobrush
Chronic Abscess 01 Inflammation 01 01
Mucus Cyst 01 MNormal 01 01
Keratosis 01 Keratosis 01 01
MNon-Squamous cell carcinoma 04 Dyskaryosis 04 04
Severe Epithelial Dysplasia o7 Severe Dyskaryosis 03 07
Moderate Dyskaryosis 02 00
Mild Dyskaryosis 01 00
Squamous cell carcinoma 01 00
Moderate Epithelial Dysplasia 09 Moderate Dyskaryosis a7 08
Mild Dyskaryosis 02 00
Inadequate Smear 00 01
Mild Epithelial Dysplasia 03 Mild Dyskaryosis 02 03
MNormal 01 00
Squamous cell carcinoma 50 Severe Dyskaryosis 10 03
Moderate Dyskaryosis 08 02
Squamous cell carcinoma 29 44
Keratosis 01 00
Inadequate Smear 02 01
Total 76 76 76

Table 2 Histopathological and cytological diagnosis of leukoplakia lesions

Histopathological No. of Cytological Diagnosis
Piagnosis eases Diagnosis Spatula Cytobrush
Hyperkeratosis 08 Keratosis 07 o7
Inflammation 01 01
Hyperplasia & Acanthosis 03 Eeratosis 03 03
Severe Epithelial Dysplasia 19 Normal 01 00
Eeratosis 01 00
Severe Dyskaryosis 10 14
Moderate Dyskaryosis 04 02
Mild Dyskaryosis 03 02
Squamous cell carcinoma 00 01
Moderate Epithelial Dysplasia 30 Keratosis 02 01
Inflammation 01 00
Moderate Dyskaryosis 15 26
Mild Dyskaryosis 11 03
Inadequate smear 01 00
Mild Epithelial Dysplasia 28 MNormal 03 00
Eeratosis 01 00
Inflammation 0o 01
Moderate Dyskaryosis 01 03
Mild Dyskaryosis 21 24
Squamous cell carcinoma 01 00
Inadequate smear 01 00
Squamous cell carcinoma 28 MNormal 01 00
Eeratosis 01 00
Severe Dyskaryosis 01 05
Moderate Dyskaryosis 05 01
Mild Dyskaryosis 04 01
Squamous cell carcinoma 14 21
Inadequate smear
02 00
Total 116 116 116
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Cytobrush technique

(a) Evaluation of diagnosis of precancers in
clinically malignant lesions

Sensitrvity = 100%, Specificity = 90.20%, Accuracy =

2.75%. PPV = 78.26%, NPV = 100%

(b) Evaluation of diagnosis of cancers in clinically
malignant lesions

Sensitrvity = 89.58%, Specificity = 100%, Accuracy =

92 75%. PPV = 100%, NPV = 80.77%

The above sensitivity, specificity and accuracy figures
were compared with the ‘gold standard’ to find out
whether there 15 any statistically significant difference
between them.

1. Lesions diagnosed as dysplasia by the biopsy
technique

(A)  Spatula technique — Sensitivity was
not significant. Specificity was highly
significant  and  accuracy = was
significant.

(B) Cytobrush technique — Sensitrvity,
Specificity and accuracy were not
significant.

2. Lesions diagnosed as carcinoma by the
biopsy technique

(A) Spatula technique - Sensitivity was

highly significant, Specificity was not
significant and accuracy was significant.

(B) Cytobrush technique — Sensifivity,

Specificity and accuracy were not
significant.

Evaluation of diagnosis of oral leukoplakia

Final results of the histological and cytological
analysis are shown in the Table 2.

In statistical analysis, 4 mnadequate cytological smears
were removed. Therefore, number of leukoplakia
lesions studied was 112.

Spatula Technique

(a) [Evaluation of diagnesis of precancers
(dvskarvosis) in leukoplakia.

Sensitivity = 86.67%, Specificity = 72.97%. Accuracy

=82.14% PPV =8667% NPV =7297%

(b) Evaluation of diagnosis of cancers in
leukoplakia.

Sensitivity = 53.85%, Specificity = 98 84%, Accuracy

= 88.39%. PPV =9333%, NPV =87.63%

Cvtobrush Technique

(a) Evaluation of diagnosis of precancers
(dvskarvosis) in leukoplakia.
Sensitivity = 96%, Specificity = 83.78%. Accuracy =
91.96%, PPV =92.31%, NPV =91.18%
(b) Evaluation of diagnosis of cancerous lesions in
leukoplakia.
Sensitivity = 76.92%. Specificity = 98.84%. Accuracy
=93.75%, PPV =95.24%_ NPV =93 41%

The above sensitivity, specificity and accuracy figures
were compared with the “gold standard” to find out
whether there was any statistically significant
difference between them.

1. Lesions diagnosed as dysplasia by the

surgical biopsy technique

(A) Spatula technique - Sensitivity was
not sigmficant, Specificity  was
significant and accuracy was not
significant.

(B) Cytobrush technique — Sensitivity,
Specificity and accuracy were not
significant.

Lesions diagnosed as carcinoma by the

surgical biopsy technique.

(A) Spatula technique - Sensitivity was
highly significant, Specificity was not
significant and accuracy was not
significant.

(B) Cvytobrush technique - Sensitivity,
Specificity and accuracy were not
significant.

(¥

Inter-examiner variability

In order to ascertain the diagnostic consistency in the
interpretation of cytological smears, forty randomly
selected cytological smears were evaluated by the two
consultant oral pathologists and by the author himself
and they were assessed by the use of chi-squared test.
The difference seen m reporting of cvtological smears
by the three observers were not statistically significant.

DISCUSSION

Even though the oral exfoliative cytology 15 a simple,
pamless, economical. rapid and non-invasive
procedure, 1ts main disadvantage 15 the low sensitivity
due to inadequate sampling and technical errors (6).
The main reason for the inadequate sampling 1s the
inability to get an adequate number of cells from all
the cell layers of the epithelium (7). Even though the
smears obtained from ulcerated or reddish areas of oral
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lesions give an adequate number of cells, in keratotic
lesions, the number of cells coming from parabasal and
basal layers are few as they are buried beneath the
thick mantles of keratinaceous debris.

As this 15 a comparative study we did not match or
controlled the following factors that may have had an
effect on the nuclear and cell diameters. 1.e. the site of
lesion, sex of the patient, presence or absence of
anemia or tobacco habats.

Exfoliative cytology of clinicallv malignant lesions

Use of spatula technique

In the smears prepared by using the spatula technique,
the total number of cells present in each smear were
less than that of smears prepared by the use of a
cytobrush. This finding 1s similar to the one observed
by Ogden et al. n 1992 (8). The majority of cells in
those smears were mfermediate cells. but parabasal
cells were also seen in some smears (9).

Two smears prepared from histopathologically
confirmed squamous cell carcinoma were madequate.
One of them was from the mferior surface of the
tongue where the lesion was very fragile and less
pressure was applied in taking the smear and the other
from the right buccal mucosa close to the retromolar
area, a difficult area to reach with the spatula.

There were 02 false negative smears and one of them
was from the vermilion border of the lip and the other
from the hard palate. The reasons for this may be
presence of a thick keratin layer in the lip and the hard
palate which 15 lined with masticatory mucosa to form
a protective barrier and less shedding of cells from it as
stated by Ogden et al. (8).

One false positive case was reported as squamous cell
carcinoma, but histopathologically 1t was lesion with
severe epithelial dysplasia. This finding may be due to
musinterpretation by the author because the relevant
smear taken by the cytobrush had been diagnosed as
severe dyskaryosis.

The results obtained with the uses of spatula technique
showed a poor degree of compatibility in the diagnosis
of dysplasia and dyskaryosis, similar to the findings
reported by Ramesh et al(9). This poor depree of
compatibility may be due to:

Poor cell harvest gammed by the use of cytology
technique. Only the superficial cell layers are removed
with few or no deeply placed epithelial cells.
Overlapping and clumping of the epithelial cells on a
smear causes difficulty in interpretation of a smear and
as the spatula 1s non-flexible, smears taken from most
of the inaccessible sites of the mouth had only a few
epithelial cells for a diagnosis. Use of Cytobrush
technique In smears prepared by the use of cytobrush.
the total number of cells present in a smear were very

much higher than that of a smear prepared by the
spatula technique. In addition to that. mn more than
80% of the smears. parabasal cells could be identified.

Out of the two inadequate smears. one smear was
taken from the inferior surface of the tongue and the
other was from the left lip and commissure. As the
lesion in the inferior surface of the tongue was very
fragile. less pressure was applied over the lesion in
taking smears and the thick keratin layer formung a
crust over the lesion on the lip may be the cause for
madequacy as there 1s less epithelial cell exfoliation of
the lip and the commussure as reported by Folsom et al.
(10).

No false negative cases were reported when using the
cytobrush technique in our study. But Scubba (3)
reported two inadequate smears in his study of 298
patients.

The compatibility of dysplasia and dyskaryosis was
high 1 our study with the use of the cytobrush
technique. This high degree of compatibility of
dysplasia and dyskaryosis and the zero false negatives
obtamned may be due to the good cell harvest gained by
the presence of large number of bristles in the brush,
touching a larger surface area of the lesion. The
number of cells coming from the deeper cell layers
was more and less clumping and less overlapping
resulted in more accurate microscopical interpretation.
As the cytobrush was somewhat flexible, smears taken
from most of the maccessible sites of the mouth had an
adequate number of cells for the diagnosis.

Exfoliative cytology of oral leukoplakia

Spatula technique

Four smears were inadequate and according to their
site of lesion, one lesion was from the inferior surface
of the tongue close its base. one from the alveolar
ridge and two were from the left buccal mucosa. The
reason for this may be the lesions found on the inferior
surface of the tongue and the alveolar nidge was both
maccessible to the spatula and the thick keratin layer
over the lesions. A similar type of poor cell yield was
also reported by Ogden et al. (8) from smears taken
from ventral surface of the tongue.

The madequacy of the two smears taken from the right
and left buccal mucosa may be due to the presence of
thick keratn layer over the lesion preventing
exfoliation of cells.

Five smears were diagnosed falsely as keratotic; three
of them came from the buccal cheek and one each
from the right and left commissure. Again the presence
of thick keratin layer may have interfered with the
exfoliation of deeply placed epithelial cells or the
dysplastic change confined to the deeper layers may be
the cause for incorrect diagnosis.
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Five smears were diagnosed falsely as normal smears.
According to theiwr location, 02 smears were from right
commissure and one each from the lip, hard palate and
dorsum of the tongue. In the commissure, the lip and
the dorsum of the tongue, the thick keratin layer may
have prevented the exfoliation and the thick
masticatory mucosa over the hard palate might be the
reason for false negative smear from the hard palate. In
this mstance atypical cells may be lying in the lower
strata or the dysplastic change may be confined to the
deeper layers.

One smear was diagnosed falsely as an inflammatory
lesion that was taken from the bucco-alveolar sulcus.
Therefore, 11 lesions gave false negative results in our
study. These false nepatives may be due to the
presence of thick keratinized layer impeding the
emergence of deeper keratotic cells as stated by Mehta
etal (11). Removal of the superficial keratotic layer as
much as possible before taking a smear from a lesion
and proper selection of the area to harvest may be the
reasons for the low false negative rate 1n our study as
compared to the previous studies.

The depree of dyskaryosis of the smears and the
degree of dysplasia of the histology were not closely
compatible. a finding similar to this was also stated by
Ramesh et al. (09). The reasons for this disparity may
be the reasons described previously under the use of
spatula technique in the diagnosis of oral squamous
cell carcinoma. One mild epithelial dysplasia lesion
was diagnosed as squamous cell carcinoma by the use
of spatula technique. This may be due to the following;
the biopsy tissue might have not been taken from the
representative area of the lesion leading to a negative
result, only a small segment of the lesion has
undergone malignant change. and unless multiple
biopsies are taken, the malignant component could be
missed. On the other hand, the smears permit sampling
of the entire lesions enabling even a small focus of
malignancy to be picked up. Thirdly. a technical error
occurring m sectioning of the biopsy tissue.

In interpreting cytological smears, subjectivity 15 a
common problem (12). To overcome this problem.
mnter-observer variation study was done and we found
a good agreement of the results among three observers
sinular to the agreement of grading of dysplasia
reported by Lippman et al. (1993).

In our study, the overall diagnostic accuracy of spatula
technique in the diagnosis of oral leukoplakia was over
80%. However, in most of studies conducted by
various authors. the sensitivity of cytological diagnosis
of atypia m leukoplakia were poor. Nevertheless, the
studies conducted by Ramesh et al (09) (92%) and
Banoczy (13) (90%) showed a high degree of
diagnostic accuracy than the previously mentioned
studies.

60

In our study, taking smears from ulcerated or fissured
areas and scraping out the superficial surface before
taking a cytological smear may be the reason for the
high accuracy of this technique in the diagnosis of
leukoplakia lesions. The other reason may be that in
50% of the samples, cytobrush was used to take the
first smear and then the second smear was taken by the
spatula technique. Therefore, when the smear was
attempted for the second time from the same site, the
second smear would have harvested more cells from
deeper cell layers.

Cvytobrush technique

None of the smears was reported as inadequate, but
two smears gave false negative results. One cytological
smear taken from the right commissure contained only
the superficial anucleated squames cells and the other
taken from the alveolar ridge showed chromic
mflammatory cells. In the former, the thick keratin
layer may be the reason for the false negative result
and mn the latter inability to reach the lesion using the
cytobrush may be the reason.

Comparative study of cytobrush and spatula in the
diagnosis of precancerous and cancerous lesions
Evaluation of cvtological diagnesis of oral
squamous cell carcinoma

(a) Spatula technique
Spatula techmque 15 a highly sensitive in the
diagnosis of dyskaryosis m clinically malignant
lesions but 1ts accuracy and specificity 1s poor.

Spatula techmique 15 not a sensitive and accurate
method in the diagnosis of oral squamous cell
carcinoma 1n  climcally malignant lesions.
However 1t can be used to differentiate non-
cancerous lesions from cancerous lesions in
clinically malignant lesions.

There are several reports attesting to the sensitivity of
cytological diagnosis of clinically malignant lesions of
the mouth and oropharynx (Montgomerry and Von
Haam 1951, Pomeranz and Stahl 1953, Peters 1938,
Sandler and Stahl 1958 and Shiverman et al. 1958 with
sensitivity ranging from 86.7 per cent to 94.5 per cent.
But in all of these studies cytologically diagnosed
dyskaryotic and cancer smears were grouped as frue
positives. Therefore 1t 15 difficult to compare these
findings with the results of our study.

(b) Cytobrush technique
In the diagnosis of dyskaryosis and squamous cell
carcinoma 1n  clincally malignant  lesions,
cytobrush technique 1s a sensitive and accurate
method. These findings are similar to those of
Remmerbach et al. (14).
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Evaluation of cvtological diagnosis of leukoplakia

(a) Spatula technique

Spatula technique 15 not a highly sensitive
technique to diagnose carcinomatous lesions in
leukoplakia, but it 15 good to separate out non-
cancerous lesions in leukoplakia.

However, spatula techmque is a sensifive and
accurate method to differentiate dyskaryotic
lesions from the cancerous lesions.

The accuracy of exfoliative cytology i the
diagnosis of oral leukoplakia was different from
36.1% stated by Mehta et al. (11) to 90% stated by
Banoczy (13). But very recently Mishra et al. (5)
reported a good agreement between cytology and
histopathological diagnosis in 86.2% of dysplastic
lesions and 95.2% 1n malignant lesions. However,
m most of the previous studies done by various
authors, dysplastic and cancerous lesions were
grouped together as true positives. Therefore, 1t 15
difficult to compare their finding with the results
of our study.

(b) Cvtobrush technique

Cytobrush technique 15 a sensitive, specific and
accurate method in the diagnosis of squamous cell
carcinoma and dyskaryosis m leukoplakia. It 1s
difficult to compare the results of this study with
results of the previous studies done by various
authors as they have grouped both dysplastic and
cancerous lesions together as true positives.

Evaluation of the diagnostic ability of spatula and
cvtobrush

techniques in differentiating non-

cancerous and non-dysplastic lesions from
cancerous and dysplastic lesions
Leukoplakia
(a) Spatula technique
When the spatula technique was used to

differentiate cancerous and dysplastic lesions from
non-cancerous and non-dysplastic lesions, no
statistically significant difference was reported.
Therefore, the spatula can be used to differentiate
cancerons and dysplastic lesions from non-
cancerous and non-dysplastic  lesions i
leukoplakia. If the ftest i1s posiive, the final
diagnosis will be very accurate. However. 1t 1s not
the same when the results are negative.

(b) Cytobrush technique

When the cytobrush technique was used to
differentiate cancerous and dysplastic lesions from
non-cancerous and non-dysplastic lesions, there
was no statistically sigmficantly difference with

6l

those of histopathological diagnosis. This suggests
that the cytobrush can be used to differentiate
cancerous and dysplastic lesions from non-
cancerous and non-dysplastic  lesions in
leukoplakia. Therefore, unlike n the case of
spatula both positive and negative test results lead
to a much reliable diagnosis with the use of
cytobrush.

But 1n a previous study done by Poate et al. (2004)
to investigate the uses of cytobrush techmique in
the diagnosis of oral epithelial dysplasia n
potentially malignant lesions a sensitivity of
71.4%. specificity of 32%. PPV of 44.1% and
NPV of 60% was reported.

Scheifele et al. (2004) using oral CDx technique
reported a high sensitivity (92.3%) and specificity
(94.3%) figures in thewr study on defecting
dysplasia and oral squamous cell carcinoma in
premalignant lesions were similar to our results.

Squameous cell carcinoma

(a)

(b)

Spatula technique

When the spatula technique was wused to
differentiate cancerous and dysplastic lesions from
non-cancerous and non-dysplastic lesions, only the
specificity was sigmificantly different. Therefore,
the spatula technique does not appear to
differentiate cancerous and dysplastic lesions from
non-cancerous and non-dysplastic lesions 1in
clinically malignant lesions. Therefore, if the test
15 postfive, 98 46% positive test results are either
dysplastic or cancerous. However. if the test is
negative, only a 50% of the ftest results are true
negatives.

According to the previous comparative studies
done by Peters (15) to Ramesh et al. (9), the
calculated wvalues of sensitivity, specificity,
accuracy, positive predictive value vary and
negative predictive value are similar to our study
except the finding for specificity which 1s only
50%. That may be due to 11 false negatives
reported in our study.

Cvtobrush technique

When the cytobrush technique was used to
differentiate cancerous and dysplastic lesions from
non-cancerous and non-dysplastic lesions, no
statistically significant difference was reported.
Therefore, the cytobrush can be wused fo
differentiate cancerous and dysplastic lesions from
non-cancerous and non-dysplastic lesions m oral
carcinoma. Therefore 1if the test 1s positive, all the
positive fest results are either dysplastic or
cancerous and 1f the test 1s negative all the
negative results are non-cancerous or non-
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dysplastic. According to the study done by
Scuibba (3). cytological diagnosis of clinically
malignant lesions by the wuse of cytobrush
technique, sensitivity, specificity, accuracy,
positive predictive value and negative predictive
value were 100%, 92.86%, 95.3%. 87.93% and
100% respectively.
According to the above findings of our study.
cytobrush 15 a good cytological mstrument for the
diagnosis of both oral premalignant and malignant
lesions as 1t 15 a very simple, user friendly and less
fime consuming procedure compared to more fime
consuming quantitative exfoliative cytology techniques
or highly expensive molecular biology techniques. As
stated by Henry et al. (1960), the greatest value of
cytological examunation lies mn its ability to disclose
the presence of intra-epithelial or non-invasive
carcinoma when the clinical appearance 1s relatively
mnocent and cancer 15 not suspected. Its utilization
prior to biopsy provides greater assurance of definitive
diagnosis, as cancer cells can be detected in the
cytological smear even though the biopsy specimen
may be inadequate for a diagnosis. Moreover, the
diagnosis of oral cancer at an earlier stage can improve
the prognosis as stated by Epstein in 1992, It 15 also
beneficial in certain clinical situations where the other
diagnostic techmiques are impractical to use such as
when the patient 15 medically compromised or has
recerved radiotherapy or may be refusing to under go a
biopsy (16) or in an anxious patient who insists on,
having a treatment for an apparently innocuous lesion,
to use as a screening method in patients who have been
treated for oral cancer. In a case of multiple mucosal
lesions, exfoliative cytology can be used to locate the
most appropriate area for the biopsy. If the lesion is
located 1n a region that presents a surgical risk, then
the exfoliative cytology is beneficial to come to a
diagnosis.
But some disadvantages are also there like only the
individual cells could be smudied (Therefore, the
pathognomonic features of the disease must be present
in or on the cells themselves), furthermore only surface
epithelial cells can be obtamned (Hence, charactenstic
pathological changes must extend to the surface for
accurate diagnosis), cells cannot be studied in thewr
proper fissue relationship to one another as in surgical
bropsy specimens. If the surface of the lesion 1s heavily
keratinized. a typical character of the lesion will not be
demonstrated. Treatment cannot be predicted on a
positive smear. White lesions can be produced by
many diseases other than the cancer (Those white
lesions are not precancerous. They cannot be
diagnosed from exfoliated cells and even though the
technique 15 simple, if not accomplished adequately

then the material 1s not representative, giving an
inadequate sample.

Conclusions

According to our findings, the cytological diagnosis of
clinically malignant lesions and premalignant lesions
by the cytobrush technique is accurate. But, as 1t gives
no information about the presence or extent of
mvasion, 1t should not replace the routine
histopathological examination. As stated by Umiker et
al. (7). the major role of exfoliative cytology i1s a
supportive one for the histopathological examination.
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A descriptive study on homicides in Galle, Sri Lanka
Rathnaweera RHAT
Department of Forensic Medicine, Faculty of Medicine, University of Rufnina.

Introduction: The infentional killing of a human being by another is the ulimate crime. Its indisputable physical consequences
manifested in the form of a dead body also make 1t the most categorical and calculable. Objective: To find out epidemiological,
socio-economic and postmortem data on homicides and compare them with the findings of previous studies.

Materials and Methods: A retrospectve study was carried out at the Teaching hospital, Karapitiva during the vear 2011, All the
potential homicide cases referred during the study period were analvzed.

Results: Forty (34 males) homicides were studied. The majority (62.5%) was in the 21-40 age group and 85% of them were
married. Most of the homicides were reported from Meetivagoda (20%), Elpitiva(15%) and Karandeniya(15%). A sharp force was
the commonest method (n= 18; 45%). The number of homicides by fire arm and blunt force were 13 (30%) and 9 (25%)
respectively. In smidies done in the year 2006 and 2008, firearm was the commonest method used. All assailant unknown (20%)
cases were firearm deaths. Knife was the commonest weapon used (50%) in sharp force trauma followed by swords (44%). Chest
remains the commonest site of injury in both sharp force (16) and firearm (entry wound 14, exit wound 09) deaths. In blunt force
trauma, head and face remains the targeted sites (100%).

Conclusions: Majority were voung married males. Sharp cutting weapons have become more popular. Swords are being used as
often as the knives There is a definite change in the method vused for homicides in the war era and post-war era. Firearms are
being vsed in cases where the assailant is unidentified.
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An assessment of the pre mass treatment prevalence of Soil Transmitted Helminths (STHs) in Bope-
Poddala Medical Officer of Health (AIOH) area

Harsha MPDH', Malini D°, Weerasekera S, Galappaththi RU”, Vithanage IC”. and YahathugodaTC”
'i.a!.-'ffrm‘ Health Science Degree Programme, Faculny of Medicine, Universiny of Rulmna.

- MOH office, Bope-Poddala division, Galle, 5ri Lanka.

* Department of Parasitology, Faculty of Medicine, University of Ruhuna.

Background: The Ministry of Health has issued a new circular to control STH infections ( Genera! Circular Lerrer-02-1722012).
Bope-Poddala MOH area 15 considered as moderate risk areas (prevalence 10% - 20%) and was requested to conduct annual de-
worming programmes including children and pregnant women. There was no indication to do pre helminth survevs prior to mass
treatment in the issued circular.

Ohjective: To emphasize the fact that pre-STH survevs are necessary before implementing new de-worming guidelines.
Methods: The ighest risk group—pre-school children—was considered as the study population in this survey. All 38 registered
pre-schools were visited. All the parents of students presented on the day of survey were asked to collect a sample of feaces.
Personnel and STH related data were collected by direct administration of a questionnaire. Each sample was examined twice by
the first and third author using direct normal saline and iodine smears. All posinive cases were confirmed by the last author.
Results: Sample recovery rate was 74.8% (314420). Mean age was 4 4({5D=06) vears. Overall 5TH prevalence was 1.6%
(CI=1.39; n=5). All five cases were due to Trichuris richiura (whipworm). Four cases of Enterobius vermicuiaris (pinworm-not a
S5TH) were accidently detected. More than 60% of children have consumed at least one dose of anthelmintics within past six
months. Almost all (97.5%) had disposed their children’s feaces properly.

Conclusions: In 2000, Bope-Poddala had more than 8% of STH prevalence. Recent low prevalence may be due fo (1) anf-
filariasis mass treatment which included diethylcarbamazine and albendazole conducted in the enfire area annually between 2002
and 2006; (i) often vnprescribed anthelmintic treatment to pre-schoolers and the improvement of socio-economic background.
Accumulation of trichuriasis is possible due to dmug resistance.

Recommendations: We strongly believe that each MOH office should conduct pre-survevs before starting de-worming suidelines
o prevent unnecessary expenses and emergence of new drug resisiant strains.
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Sexual violence towards females at Matara

Rathnaweera RHAT

Deparmmenit of Forensic Medicine, Faculny of Medicine, University of Rumna.

Introduction: Statistics on sexual violence towards females are limited and underestmated as many cases go unrecorded.
Objective: The study was designated to find out epidemiological and socio-economic statistics of the victims of sexual violence
and the medico-legal aspects of injuries due to sexual violence.

Marterials and Methods: All the sexual violence cases referred to the Judicial Medical officer’s office, General hospital. Martara
form 1% of Tanuary 2012 to 1¥ of December 2012 were retrospectively analyzed.

Resnlts: There were 260 victims referred for medico-legal examination The age of the victims ranged from 4 years to 62 years.
From the total 202 (77.5%) vicims were below 16 years. Among them 177 (68%) belong to the age group of 11-16 yars. 234
{00%) of the victims were from low socio-economic class and 210 (80%) of them had smudied below grade 10. The alleged
incident had taken place at the victims’ house in 110 (42%) cases. In 148 (57%) cases, the victim had given the “consent™ for the
alleged act. The pregnancy was confirmed in 22 (8%) at the time of examination. Hymenal tears were observed in 100{38%) cases
and 11 had fresh tears. In 149 (57%) cases the assailant was the boy friend of the victim Extragenital injuries were present only in
4 (1.5%) cases.

Conclusions: Majority of the victims were below 16 vears of age belonging to low socio-economic class. Majority had given
“consent” for the alleged act and this could be a reason for lack of extragenital injuries. This dara highlights the magnitude of
juvenile sexual abuse especially by the boy friends of the victims.
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