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ABSTRACT:Aim: To  study the  cytomorphometric  analysis  of  cells  in  the  cytologic  smears  from buccal  mucosal
cells  of  diabetic  and  hypertensive  patients. Materials and Methods: Smears  were  collected  from  clinically  normal
mucosa  of  30 diabetes  and  30  hypertensive  patients  and  30  healthy  controls. Smears  were  stained using
papanicolauo  method. Cell  diameter,  nuclear  diameter,  cell  area,  nuclear  area  and nuclear:  cytoplasmic  ratio  was
obtained  for  each  patient.Results: Compared  to  normal  it  was  found  that  there  were  significant  changes  in
diameter  of  cells  (P<0.01), nucleus  diameter  (P<0.01), cell  area(P<0.01)  and  nuclear area (P<0.001) in  diabetes
patients  but  not  in  hypertensive  patients  (P>0.01). Conclusion: Diabetes  produces  definite  cytomorphometric
changes  in  buccal  mucosal cells.  This  research  area  is  worthy  for  further  exploration  for  public  health  implications.
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INTRODUCTION

Diabetes  and  Hypertension  are  the  most  common
worldwide  diseases  afflicting  humans. Diabetes  is  a
chronic  metabolic  disorder  characterized  by
hyperglycaemia associated  with  disturbances in
metabolism  of  carbohydrates,  proteins  and  lipids,  as  a
result  of  insulin  deficiency1.Glycosylated  haemoglobin
(GHb)  is  not  affected  by factors  like  diet  or
medication  intake,  and  it  gives  an  accurate  and
objective  measure of  glycaemic  control  over  the  past
3  months. Hence  GHb  estimation  is  preferred  by many
to  monitor  diabetic  patients2. There  is  higher
prevalence  and  severity  of gingivitis,  periodontitis,
candidiasis,  other  opportunistic  infections  and  may
also  cause various  changes  in  the  cells  of  the  oral
mucosa3. Hypertension  has  a  multifactorial and  highly
complex  pathology. Multiple  factors  modulate  blood
pressure  which  include vascular  calibration,  blood
viscosity,  cardiac  output, blood  vessel  elasticity,
humoral mediators  (T  lymphocytes  and  T  cell  derived
cytokines  17  and  TNF  alpha)4. One hypothesis
suggests  that  hypertension  results  in  oxidation  and
altered  mechanical  forces  that  lead to  formation  of
neoantigens  which  activates  T  cells  and  infiltrate
around  vessels  promoting  vascular  dysfunction  leading
to  hypertension. This  oxidation and  vasoconstricition  of
capillaries  alters  the  microcirculation5 and  may  lead  to

atrophy  which  may  cause  cellular  alteration  in  oral
mucosa 6.

A  study  of  cytomorphometry  in  oral  exfoliative
cytology  was  taken  up  to  assess  the  usefulness  of
this  procedure  for  assessing  the  altered  nature  of
buccal  cell  in diabetic  and  hypertensive  patients.
Alterations  in  the  superficial  cells  can  serve  as  a
reliable  indicator  of  hyperplastic  and  dysplastic
changes7. Exfoliative  cytology  is  a painless,  non-
invasive, non- aggressive  procedure  and  is  very  well
accepted  by  patients  and  allows  quick  and  accurate
assessment8.

MATERIALS  AND  METHOD:
Approval  for  this  study  was  obtained  from  MNR
Dental  College  and  Hospital  Ethical Committee,  Andhra
Pradesh. All  individuals  signed  a  post-informed  consent
before inclusion  in  the  study. A  total  of  60  diabetic
patient, 60  hypertensive  patient  and  10  control
subjects  were  included  in  the  study.

Inclusion  criteria for  the  study:
 Patients  with  a  known  history  of  diabetes  at

least  for  the  past  1  year.
 Hypertensive  patient  with  recently  monitored

blood  pressure  are  included  in  the  study.
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 Control  group  includes  normal  healthy  adult
individuals  with  no  history  of         diabetes,
hypertension  or  any  other  illness.

 Diabetic , hypertensive  and  control  individuals
should  have  with  clinically  normal  mucosa.

Exclusion  criteria  for  the  study  include:
 Smoking,  alcohol
 Medications  other  than  used  for  diabetes  and

hypertension
 Anemia

Diabetic  patients  were  also  grouped  into  the
following  three  categories  for  further analysis  based  on
their  GHb [2]  levels:
 Well-controlled  diabetics  (WCD) – GHb ≤  8%
 Moderately  controlled  diabetics   (MCD) – GHb

>  8%   and ≤  12%
 Uncontrolled  diabetics  (UCD) – GHb  >  12%

Based  on  physicians  consent  and  AHA [9]
recommendations  hypertensive  patients  were  grouped
into  following  three categories:

Mild (pre)
hypertensive:

120 - 139mmhg (systolic) ,80-
89mmhg (diastolic)

Moderately
hypertensive:

140-150mmhg(systolic) ,90-
99mmhg(diastolic)

Severely
hypertensive:

>160mmhg  (systolic) ,
>100(diastolic)

Smears were  taken  from  clinically  normal  buccal
mucosa  of  the  patients  using  wooden  spatula
moistened  in  distilled  waters. The  scrapings  were  then
transferred  to  clean  glass  previously  marked  with
patient’s  reference  number,  and  spread  thinly  and
uniformly  over  the  slide, after  air  drying  they  are  fixed
and  stained  with  Papanicolaou  method.

Cytomorphometric  analysis:

Fifty clearly  defined  cells  were  selected;  images
of  cells  under  high  power  objective  of  40 x
magnification  were  captured  with  the  help  of  digital
camera. The  images  were  uploaded  for  computer
analysis. The  cytomorphometric  analysis  (Fig.1)  was
done  using  the  windows  based  image  analyser
software  (ImageJ 1.34s) 10 developed  by  National
Institute  of  Health,  USA 11.

Nuclear  and  cell  area:

Cell  diameter ( CD) and  nucleus  diameter ( ND) are
measured  (microns)  by  taking  mean  of  two
perpendicular  planes (Fig.2).
Nuclear  and  cell  area:

Cell  and  nucleus  diameter  was  traced  on  screen  and
the  software  calculated  the  cell area ( CA) and  nuclear
area ( CA) in square  microns. (Fig.3, Fig.4).

STATISTICAL  ANALYSIS:
For  this  study  statistical  analysis  was  done using

student  t  test. Comparison  of  mean  nuclear  and  cell
diameter;  and  nuclear  and  cellular  area  between
different  groups  was done.  The P- value < 0.05  was
considered  to  be  significant.

RESULTS: (Fig.5,Fig.6)

Cytomorphometric  analysis (Table.1) showed  that
compared  to  control group,  well  controlled  diabetics
and  moderately  controlled  diabetics  showed  no
significant  changes  in  ND,  NA,  CD,  CA   and  N:C
ratio [ ND  (P>0.01), CD  (P>0.01), NA  (P>0.01), CA
(P>0.01) and N: C  (P>0.01)],  whereas  when  compared
to  control  uncontrolled  diabetics  showed  significant  in
increase  in  ND,  NA  and  decrease  in CD,  CA  and
increased  N:C  ratio. [NA  (P<0.01), CA  (P<0.001), ND
(P<0.01), CD  (P<0.01)  and  N:C  (P<0.001)].
Cytomorphometric  analysis (Table.2) in  mild,  moderate
and  severe  hypertensive  patients  compared  to  control
group  showed  no  significant changes   in  ND,  NA,  CA,
CD  and  N:C  ratio  [ ND  (P>0.01), NA  (P>0.01), CD
(P>0.01), CA  (P>0.01)   and  N: C   ratio  (P>0.01)].

DISCUSSION:

Cytomorphometric  analysis  of  buccal  mucosal
cells  obtained  from  patients  with diabetes  and
hypertension  were  compared  with  healthy  individuals.
The  purpose  of  this  study  is  to  determine  if  any
significant  differences  in  parametric  like  ND,  CD  and
N: C  ratio  are  present  in  diabetic  and hypertensive
patients  and  if  it  can  play  any important  role  in
diagnosing,  prevention and  control  of   disease.

In  this  study  uncontrolled  diabetics  showed
significantly   high  ND,  decreased  CD  and  increased
N: C  ratio  compared  to  control  group. The  findings  of
this  study  are  analogous  with  those  of  Prasad  H  et
al  (2010)  who  performed  cytomorphometric  analysis  of
exfoliated  buccal  mucosal  cells  in  diabetes  patients
which  showed  statistically significant  increase  in  ND
(P=0.0367)  as  the  findings  of  the  present   study
suggested  significant  increase  in  nuclear  diameter
[12]. A  study  on  type  II  diabetics  by Alberti  S,
Spadella  et  al  (2003)  showed  that  ND  was  markedly
higher  in  diabetic  group but  no  significant  change  in
cytoplasmic  area  and  these  results  are  parallel  with
the  present  study [7].Similarly,   study  conducted  by
Ummuhan  Tozogul  et  al  (2010)  on  type  I  diabetics
demonstrated  significantly  high  NA  compared  to
controls  and  the  result  of  this  study  supports  our
study 13.
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Ban  Tawfeek  Shareef  et  al  (2008)  study  on  type  II
diabetics  revealed  cytomorphometric  changes  in  NA  in
diabetics  compared  to  those  of  normal  and  no
changes  in  CA  however  in  the  present  study  NA
showed  similar  result  but  there  was  decrease  in  CA
as  well  [14]. Where  as  in  a  study  conducted  on  type
II  diabetics  by  Hassan  Hosseinpour  Jajaram  et  al
(2008)   showed  a  significant  increase  in  both  NA  &
CA  in  diabetics  compared  to  controls  in  buccal
mucosa  and  dorsum  of   tongue15 which  showed
similar  results  as  the  present  study. Gaurav  Sapra
(2009)  study  on  type  II  diabetics  results  showed  that
mean  NA  was  significantly  higher  (p < 0.001) in  study
group  where  as  mean  CA  did  not  exhibit  a
statistically  significant  difference  (p > 0.001) 16 and  the
statistically  significant  of  NA  are  similar  to  the  NA
results  of  the  present  study. In  another  study
conducted on  type  II  diabetics  by  Suvarna  M,  et  al
(2012), there  was  a  statistically  significant  increase  in
average  NA  and  significant  decrease  in the  C/N  ratio
in  diabetics  when  compared  to  non-diabetic  healthy
individuals  and  the  average  CA  did  not  show  any
statistical  difference  between  the  two  groups  in
comparision 17 with  our  study  the  decreased  NA  result
was  similar. Results  by  Rivera  et  al  (2013)  on  type  II
diabetics  study  showed  that  the cell  diameter  and  the
nuclear-cytoplasmic  ratio  was  significantly  higher
compared  to  those  patients  without  the  disease [18]
where  as  in  the  present  study  the  results  where
decreased  cell  diameter  and  increased  N : C  ratio
which  is  not  analogous  with  the  study  results  of
Rivera  et  al. Study  on  diabetics  by  Sankhla Bharat  et
al  (2010) showed  that  mean  NA  was  significantly
higher  (p < 0.001)  in  study group  where  as  mean  CA
did  not  exhibit a  statistically  significant  difference  (p >
0.001)  [19]  which  partially  supported  the  presented
study  with  similar   result  of  decreased  NA.

These  variations  can  be  as  a  result  of  numerous
underlying  pathogenesis  in diabetes  like   ischemia  that
is  caused  by  atherosclerosis  in  diabetic  patients  may
result  in  decreased  cellular  turnover  rate  and  limit  the
production  of  young  cells  which  indicates  that  majority
of  cells  are  old  or  aged,  which  is  indicated  by
increased  nuclear  size. Progressive  decline  in
proliferative  capacity  and  life  span  results  in  cellular
ageing 20. They  stated  that  nutritional  deficiencies  like
vitamin  B12 and  folic acid  may  alter  the  size  of
nucleus  as  these  nutrients  are  essential  for  DNA
synthesis 13. Inflammation  is  one  of  the  factors  that
can  increase  NA  and  can  lead  to  a  poorly  preserved
cytoplasm[21.

Xerostomia  in  diabetic  patients  due  to  dehydration
may  result  from  hypofunction  of  salivary  glands
secondary  to  adverse  hormonal  microvascular  and
neuronal  change  which  may  result  in  inflammation  of
oral  mucous  membrane  resulting  in  increase  ND 22.
Decrease  in  salivary flow  rates  may  not  maintain  the
oral  cavity  clean  which  may  cause  superadded

infections  like  bacterial  and  candidiasis  which  may
evoke  a  chronic  inflammatory  response  resulting  in
increase  ND  and  decrease  CD 20,23. Dehydration  due
to  xerostomia,  polyuria  or  medications  like  diuretics
may  lead  to  cytomorphometric  changes  of  oral
mucosal  cells13. This  may  also  lead  to  mucosal
atrophy  increasing  the  changes  that  basal  and
parabasals  cells  may  be included  in  cytologic
smears24.

We  aimed  at  assessing  the  changes  in  buccal
mucosal  cells  of  hypertensive  patients  as  this  disease
also  responsible  for  many  oral  mucosal  changes [25]
due  to  aforementioned  factors; however the
cytomorphometric  analysis  did  not  show  any
significant  changes  in  ND  or  CD  either  of  the  groups
of  hypertensive  patients  compared  to  control  groups.

CONCLUSION:

Cytomorphometry  in  exfoliated  buccal  mucosal
cells can  be  used  for  routine  application  in  population
screening  programmes. The  results  observed  might
contribute  to  understanding  of  alterations  in  cellular
morphology  of  oral  epithelium  in  diabetic  patients.
However  these  alterations  cannot  be  predictive  or
diagnostic  for  diabetes  because  they  are  not  unique
to  this  disease. This  research  area  is  worthy  for
further  exploration  for  public  health  implications.
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Figure.5. There is an increase in ND in uncontrolled
group of diabetes (Red) compared to control group
(Blue)(P<0.01).However no significant change was
seen in mild and moderately controlled groups
(P>0.01). In all groups of hypertensive patients
(Green) there is no significant change in ND
compared to control group (P>0.01
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Table 1. Comparison of parameters between control and various group of Diabetes

Parameters Group Mean P value
ND Control 9.05

( In microns) Well controlled 9.17 0.621
Moderately controlled 9.19 0.481
Uncontrolled 10.99 0.01

CD Control 54.14
( In microns) Well controlled 54.04 0.29

Moderately controlled 53.9 0.65
Uncontrolled 50.2 0.01

NA Control 43.89
( sq.microns) Well controlled 39.27 0.3

Moderately controlled 42.89 0.4
Uncontrolled 52.1 0.01

CA Control 1396.86
( sq.microns) Well controlled 1456.4 0.312

Moderately controlled 1410.1 0.305
N:C Control 0.013

Well controlled 0.01 0.33
Moderately controlled 0.015 0.41
Uncontrolled 0.05 0.001

ND- Nuclear Diameter: CD- Cell Diameter: CA- Cell area; NA- nuclear area;

Table 2. Comparison of parameters between control and various group of
hypertensive patient:

Parameters Group Mean P value

ND Control 9.05
In microns Mild 9.1 0.4

Moderate 9.0 0.5
Severe 9.02 0.421

CD Control 54.14
In microns Mild 54 0.27

Moderate 54.2 0.64
Severe 53.9 0.65

NA Control 43.89
( sq.microns) Mild 44.1 0.4

Moderate 43.7 0.3
Severe 43.9 0.3

CA Control 1396.86
( sq.microns) Mild 1390.2 0.305

Moderate 1420.7 0.305
Severe 1401.2 0.300

N:C Control 0.013
Mild 0.01 0.33
Moderate 0.015 0.25
Severe 0.015 0.33

ND- Nuclear Diameter: CD- Cell Diameter: CA- Cell area; NA- nuclear area
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Figure .6. There is a decrease in CD in
uncontrolled group of diabetes (Red) compared to
control group (Blue)(P<0.01).However no
significant change was seen in mild and
moderately controlled group (P>0.01). In all
groups of hypertensive patients (Green) no
significant change in CD compared to control
group (P>0.01).

Figure.1. Cytomorphometric analysis using image J
analysis

Figure.4. Cell diameter

Figure.3 Nuclear diameter Figure.4. Cell diameter

C
D

in m
icrons



Original articles Annals and Essences of Dentistry

Vol. VII Issue 1 Jan– Mar 2015 6

References

1. Williams G, Pickup JC. Handbook of diabetes.
3rded.London:Blackwell Publishing.2004:56-62.

2. Kilpatrick ES. HbA1c measurement. J ClinPathol.
2004;57:344-5.

3. Little JW, Falace DA, Miller CS, Rhodus NL. Dental
management of the medically compromised patient.
St.Louis: Mosby. 2002; 248-70.

4. http://emedicine.medscape.com/article/241381-
overview.

5. Burroughs, A. K. The Hepatic Artery, Portal Venous
System and Portal Hypertension: The Hepatic Veins
and Liver in Circulatory Failure, in Sherlock's Diseases
of the Liver and Biliary System, 12th Edition.Oxford
:Wiley-Blackwell.2011.

6. Harrison D.G., Guzik T.J., Lob H.E., Madhur M.S.,
Marvar P.J., Thabet S.R., Vinh A., Weyand C.M.
Inflammation, immunity, and hypertension.
Hypertension. 2011;57: 132–40.

7. Alberti S, Spadella CT, Francischone TR, Assis GF,
Cestari TM, Taveira LA. Exfoliative cytology of the oral
mucosa in type II diabetic patients: morphology and
cytomorphometry. J Oral Pathol Med. 2003;32:538–
436.

8. Diniz FM, Garcia GA, Crespo AA, Martins CJL,
Gandara RJM. Applications of exfoliative cytology in
the diagnosis of oral cancer. Med Oral. 2004;9,:355–61

9. Chobanian AV, Bakris GL, Black HR, Cushman WC,
Green LA, Izzo L Jr, Jones DW, Materson BJ, Oparil S,
Wright JT Jr, Roccella EJ. National Heart, Lung, Blood
Institute; National High Blood Pressure Education
Program Coordinating Committee. Seventh report of
the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure.
Hypertension. 2003;42,:1206–52.

10. Suneet K, Monica CS. Cytomorphological Analysis of
Keratinocytes in Oral Smears from tobacco users and
oral squamous cell carcinoma lesions- A Histochemical
Approach. International Journal Of Oral Sciences.
2010;2: 45-52.

11. [ http://rsb.info.nih.gov/ij/
12. Prasad H, Ramesh V, Balamurali PD. Morphologic and

Cytomorphometric analysis of exfoliated buccal
mucosal cells in diabetes patients. Journal of Cytology.
2010;27: 113-17.

13. Tozoğlu Ü, Bilge OM. Exfoliative Cytology of Type 1
Diabetic Patients. Eur J Gen Med. 2010;7:264-68.

14. Shareef BT, Ang KT, Naik VR. Qualitative and
quantitative Exfoliative cytology of normal oral mucosa
in type 2 diabetic patients. Med Oral Patol Oral Cir
Bucal. 2008; 13:693-6.

15. Jajarm HH, Mohtasham N, Moshaverinia M, Rangiani
N.Evaluation of oral mucosa epithelium in type II
diabetic patients by an exfoliative cytology method.
Journal of Oral Science. 2008;50:335-40

16. Hallikerimath S, Sapra G,Kale A,Malur PR.
Cytomorphometric analysis and assessment of
periodic acid Schiff positivity of exfoliated cells from

apparently normal buccal mucosa of type 2 diabetic
patients. Acta Cytol. 2011;55:197-202.

17. Suvarna M, Anuradha C, Kumar K K, Sekhar P C,
Lalith Prakash Chandra K, Ramana Reddy B
V.Cytomorphometric analysis of exfoliative buccal cells
in type II diabetic patients. J NTR Univ Health Sci.
2012;1:33-7.

18. Rivera C,  Núñez.-de-Mendoza C.  Exfoliative cytology
of oral epithelial cells from patients with type 2
diabetes: cytomorphometric analysis. Int J Clin Exp
Med.2013;6:667-76

19. Sankhla B, Sonali S, Madhusudhan AS, Priya B.
Exfoliative cytology of oral mucosa: Cytomorphometric
analysis of diabetic patients. Journal of Oral Sign.
2010;2:6

20. Nederfors T. Xerostomia and Hyposalivation. ADR .
2000;14:48-56

21. Morris H, Ochi S, Winkler S. Implant survival in
patients with type 2 diabetes: Placement to 36 months.
Ann Periodontol. 2000;5:157-65.

22. Koss LG.The oral cavity, larynx, trachea ,nasopharynx,
and paranasal sinuses.In: Koss LG, editor.Diagnostic
cytology and its histopathologic bases.4thed.
Philadelphia:Lippincott. 1992: 865-889.

23. Chavez EM, Borrell LN, Taylor GW, Ship JA. A
longitudinal analysis of salivary flow in control subjects
and older adults with type 2 diabetes. Oral Surg Oral
Med Oral Pathol Oral Radiol Endol. 2001;91: 166-73.

24. Ogden GR ,Wright AJ,Rice P.Effect of alcohol on the
oral mucosa assessed by quantatitative
Cytomorphometry.J Oral Pathol Med. 19992;8:216-20.

25. Cruz-Pamplona M , Jimenez-Soriano Y , Sarrión-Pérez
MG. Dental considerations in patients with heart
disease. J Clin Exp Dent. 2011;3:97-105

Corresponding Author

Ayesha Sameera
Oral and Maxillofacial Pathology
MNR Dental college and Hospital

Email: seashell.ayesha@gmail.com
Phone: 9989675738


