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Introduction

Diabe te s  m e llitus  is  a group of m e tabolic dis e as e s
ch aracte riz e d by h ype rglycae m ia re s ulting from
de fe cts  in ins ulin s e cre tion, action or both .1 It is  a
de s tructive  dis e as e , caus ing not only ill-h e alth  but
als o affe cts  th e  e conom y and ps ych ology of th e
patie nt.2 Th e  pre vale nce  of diabe te s  m e llitus  is  ris ing
in Nige ria and its  com plications  pre s e nt an im m e ns e
public h e alth  burde n.3 Th e  diabe te s  e pide m ic is
ce ntre d on type  2 diabe te s . Th is  is  be caus e  it re pre s e nt
> 9 0%  of all cas e s  of diabe te s  w h ich  are  incre as ing
rapidly th rough out th e  w orld.4

Th e  k idne ys  as  a targe t organ for s e condary m icro
vas cular com plications  of diabe te s  m e llitus  re pre s e nt
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BACKGROUND: Ultras onograph y can give  re al tim e  as s e s s m e nt of th e  k idne ys ; ye t its  utility in th e  e valuation
of re nal ch ange s  during diabe te s  m e llitus  illne s s  is  rare ly re porte d in Nige ria de s pite  th e  h igh  burde n of diabe te s
re late d k idne y dam age . METHODOLOGY: In th is  cas e  control s tudy, re nal s iz e s , pare nch ym al th ick ne s s  and
volum e  of k idne ys  of 101 h e alth y adults  and 119  cas e s  w ith  type  2 diabe te s  m e llitus  m e as ure d by ultras ound
during th e ir routine  clinic days  w e re  com pare d. All th e  diabe te s  cas e s  h ave  norm al re nal function as  m e as ure d
by th e ir ure a and cre atinine  le ve l. RESULTS: Me an age  of adults  w ith  type  2 diabe te s  m e llitus  (53.81 ± 10.80
ye ars ) and control (41.15 ± 13.9 1ye ars ) groups  w e re  s ignificantly diffe re nt (p < 0.05). Statis tical analys is
(inde pe nde nt s am ple  T-te s t) s h ow e d s ignificant incre as e  in m e an re nal w idth , pare nch ym al th ick ne s s  and volum e
of type  2 diabe te s  m e llitus  patie nts  w ith  norm al re nal function com pare d to control group (p < 0.05) on th e  righ t
and le ft k idne y. Th e re  w as  no s ignificant diffe re nce  in m e an re nal le ngth  and ante ro-pos te rior diam e te r be tw e e n
th e  tw o diabe tic groups . CONCLUSION: Th e re  w as  a m arginal incre as e  in re nal w idth , pare nch ym al th ick ne s s
and volum e  in type  2 diabe te s  m e llitus  patie nts  w ith  norm al re nal function. Ultras onograph y th e re fore  provide s
us e ful inform ation in de te cting re nal ch ange s  in individuals  w ith  type  2 diabe te s  m e llitus .
Key words: Re nal s iz e s , Volum e , Pare nch ym al Th ick ne s s , Ultras onograph y.
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a h e alth  proble m  of e norm ous  s ocial cos t.5 Diabe tic
ne ph ropath y is  a com plication of diabe te s . It re fe rs
to a ch aracte ris tics  s e t of s tructural and functional
k idne y abnorm alitie s  in patie nts  w ith  diabe te s .6 Th e
s tructural abnorm alitie s  include  h ype rtroph y of th e
k idne y, an incre as e  in th e  th ick ne s s  of glom e rular
bas e m e nt m e m brane s , accum ulation of e xtrace llular
m atrix com pone nts  in th e  glom e rulus  (nodular and
diffus e  glom e rulos cle ros is ), tubular atroph y, and
inte rs titial fibros is .7,8 W h ile  functional alte rations
include  an e arly incre as e  in th e  glom e rular filtration
rate  w ith  intra-glom e rular h ype rte ns ion, s ubs e q ue nt
prote inuria, s ys te m ic h ype rte ns ion, and e ve ntual los s
of re nal function.9  Th e s e  e arlie r ph e nom e na of glo-
m e rular h ype rfiltration,10,11 re nal h ype rtroph y12 and
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Ethical consideration

In line  w ith  H e ls ink i De claration, approval for th is
s tudy w as  obtaine d from  th e  H um an Re s e arch  Eth ics
Com m itte e  of th e  Gom be  State  m inis try of h e alth .
Als o th e  proce dure s  w e re  e xplaine d to th e  patie nts
and inform e d cons e nt w as  obtaine d from  e ach  patie nt
be fore  e nrolling into th e  s tudy. Th e y w e re  als o aw are
of th e ir option to w ith draw  from  th e  s tudy w ith out
los ing any of th e  be ne fits  and h e alth care  give n by
th e  h os pital.

Equipments

Cas e s  and h e alth y controls  w e re  e xam ine d w ith  a
3.5 M H z  curve  line ar trans duce r (Sie m e ns , G20,
m ade  in Italy). Subje ct’s  h e igh t and w e igh t w e re
m e as ure d on a calibrate d ve rtical w all and a w e igh ing
(bath room ) s cale  (Mode l H  89  LT Blue ) re s pe ctive ly.
Blood ure a m e as ure d in m m ol/litre  and cre atinine
m e as ure d in µm ol/litre  w e re  as s e s s e d for all partici-
pants  in a s ingle  laboratory us ing Cobas s  C 111.

Ultrasound Procedure

Patie nts  w e re  e xam ine d be tw e e n 0800 and 1100
h ours  be caus e  th e y pre s e nte d to th e  Clinic fas ting -
a routine  crite ria for te s t to de te rm ine  th e ir fas ting
blood s ugar be fore  th e y s e e  th e ir ph ys ician, and th us
cannot be  k e pt for a long tim e . Patie nts  w e re  pos itione d
in s upine  pos itions  w ith  th e  Sonograph e r s itting on
th e  righ t s ide  of th e  patie nt. Ultras ound probe  w as
th e n pos itione d ge ntly on th e  flank . Th e  righ t k idne y
w as  e xam ine d in th e  s upine  pos ition th rough  th e  live r
by angling th e  trans duce r obliq ue ly.22 Me as ure m e nts
w e re  tak e n in longitudinal as  w e ll as  axial im age  at
th e  le ve l of h ilum  in s tatic im age .23 W ith  th e  patie nts
in th e  righ t de cubitus , th e  arm  e xte nde d ove r th e
h e ad and us ing a coronal approach  th e  le ft k idne y is
vis ualiz e d th rough  th e  s ple e n. Th e  de cubitus  and
obliq ue  pos itions  w e re  varie d until th e  k idne y is
com ple te ly s e e n. Th e  m axim um  le ngth  of th e  k idne y
w as  m e as ure d in th e  longitudinal plane  w h ile  th e
w idth  and th ick ne s s  w e re  m e as ure d in th e  trans ve rs e
plane  pe rpe ndicular to th e  longitudinal axis  of th e
k idne y.24

Data Analysis

Data w e re  cate goriz e d into tw o (2); Controls  and
Diabe te s  m e llitus  patie nts  w ith  norm al re nal function.
Re nal volum e  w as  calculate d by us ing th e  e llips oid

re nal h is tological ch ange s 13  th at occur in th e  cours e
of diabe tic ne ph ropath y are  inconve nie nt to as s e s s
in day to day clinical practis e .14 W h ile  re nal biops ie s
are  invas ive , on th e  oth e r h and glom e rular filtration
rate  e s tim ations  are  e xpe ns ive , cum be rs om e  and not
us e ful for th e  diagnos is  of h ype rtroph y;15,16 h e nce
th e  ne e d to h ave  a m e th od for e arly de te ction of
m orph ological re nal ch ange s  for tim e ly inte rve ntion.
Ultras onograph y is  one  of th e  m e th ods  us e d to
e valuate  re nal m orph ology. Th ough  re nal ultras o-
nograph y is  a s im ple , accurate , affordable  and non-
invas ive  im aging te s t,17 its  utility in th e  as s e s s m e nt
of k idne ys  in diabe te s  m e llitus  patie nts  is  not routine ly
done . W h ile  oth e r m odalitie s  can be  us e d to de te rm ine
k idne y volum e ,18,19  ultras ound is  pre fe rre d in m os t
re s ource  poor s e ttings  be caus e  it is  re lative ly afford-
able  and non- invas ive .20 It is  h ow e ve r not cle ar
w h e th e r ch ange s  in re nal s iz e s  could be de te cte d in
type  2 diabe te s  m e llitus  us ing ultras ound. Th is  s tudy
th e re fore  com pare d re nal le ngth , w idth , ante ro pos -
te rior diam e te r and pare nch ym al th ick ne s s  as  w e ll
as  re nal volum e  us ing ultras ound in type  2 diabe te s
m e llitus  patie nts  w ith  norm al re nal function as  m e a-
s ure d by ure a and cre atinine  le ve l w ith  th os e  of
h e alth y adults  w ith out diabe te s  m e llitus .

Method

Study design and setting

Th is  s tudy w as  cas e -control in de s ign. Cas e s  w e re
re cruite d from  th e  Diabe te s  Clinic of State  Spe cialis t
H os pital Gom be , Gom be  - State  Nige ria, w h ile  controls
w e re  s e le cte d am ong adults  living around th e  s am e
locality of th e  re s pe ctive  cas e s . Th e  h os pital is  locate d
along Bauch i road, Je k adafari Gom be , North  e as te rn
Nige ria.

Study population

One  h undre d and nine te e n (119 ) patie nts  w ith  type
2 diabe te s  m e llitus  w e re  re cruite d. Patie nts  w ith  type
1 diabe te s  m e llitus , ultras ound findings  of obs tructive
uropath y, as cite s  and lym ph ade nopath y w e re
e xclude d. Controls  w e re  appare ntly h e alth y s ubje cts
w h o volunte e r to participate  in th e  s tudy. Th e ir fas ting
blood s ugar, s e rum  ure a and cre atinine  le ve l w e re
de te rm ine d th rough  a laboratory te s t.
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Laboratory data

Th e  m e an value  of ure a and cre atinine  for non diabe tic
control and diabe te s  m e llitus  (DM) patie nts  are  s h ow n
in (Tab. 1). Me an value s  of ure a and cre atinine  for
m ale s  in control s ubje cts  are  4.79  ± 0.45 m m ol/litre
and 9 9 .23 ± 5.56 µm ol/litre  re s pe ctive ly, w h ile  th e
fe m ale s  h ave  m e an value s  of 3.73 ± 0.64 m m ol/litre
and 78.04 ± 6.9 0 µm ol/litre   re s pe ctive ly for ure a and
cre atinine . On th e  oth e r h and, th e  total m e an value s
of ure a and cre atinine  for m ale s  w ith  diabe te s  m e llitus
are  7.80 ± 0.9 4 m m ol/litre  and 70.35 ± 28.08 µm ol/litre
re s pe ctive ly. Cons e q ue ntly th e  fe m ale s  w ith  diabe te s
m e llitus  h ave  a m e an value  of 3.38 ± 0.9 8 m m ol/litre
for ure a and 60.00 ± 16.01 µm ol/litre  for cre atinine .

Sonographic renal findings

(Tab. 2), com pare s  th e  m e an value s  of re nal s iz e s ,
pare nch ym al th ick ne s s  and volum e  be tw e e n diabe te s
m e llitus  patie nts  and controls . Inde pe nde nt Sam ple
T-te s t indicate d s ignificant incre as e  in m e an re nal
w idth , pare nch ym al th ick ne s s  and volum e  (p< 0.05)
of type  2 diabe te s  m e llitus  on th e  righ t and le ft com -
pare d to control group. In contras t no s ignificant diffe -

form ula: volum e  (cm 3) = le ngth  (cm ) x w idth  (cm ) x
th ick ne s s  (cm ) x 0.523.18 Body m as s  inde x w as
calculate d as  BMI (k g/m 2) = w e igh t (k g) / h e igh t2

(m 2).
Me an and s tandard de viation w e re  us e d as  m e as ure s
of ce ntral te nde ncy. Inde pe nde nt s am ple  t - te s ts  w as
us e d to com pare  th e  m e an of diabe te s  m e llitus
patie nts  and controls . Data w e re  analys e d us ing
Statis tical Pack age  for Social Scie nce s  (SPSS) Ve rs ion
20.0. Statis tical s ignificance  w as  s e t at p < 0.05.

Results

Clinical data

O ne  h undre d and nine te e n (119 ) patie nts  w ith
confirm e d type  2 diabe te s  m e llitus  w ith  norm al re nal
function and 101 non-diabe tic control s ubje cts
participate d in th is  s tudy (Tab. 1). Th e re  w e re  m ore
fe m ale  th an m ale . Th e  total m e an age  of type  2
diabe te s  m e llitus  patie nts com pris ing both  m ale  and
fe m ale  (53.81 ± 10.80 ye ars ) and control group (41.15
± 13.39  ye ars ) w e re  s ignificantly diffe re nt (p<0/05).
H ow e ve r, th e re  w as  no s ignificant diffe re nce  in m e an
h e igh ts , w e igh t and body m as s  inde x be tw e e n th e
tw o groups  (Tab. 1). Table  3 s h ow e d th e  duration of
type  2 diabe te s  m e llitus  in s tudy group, 42%  h ad
diabe te s  be tw e e n 1-2 ye ars , 46%  h ad diabe te s
be tw e e n 3-4 ye ars  w h ile  only 12%  h ad be e n w ith
type  2 diabe te s  m e llitus  be tw e e n 5-6 ye ars .

Para-
meter

Age

(years)

Weight

(kg)

Height

(m)

B.M.I

(kg/m2)

Urea

(mmol/litre)

Creatinine

(µmol/litre)

Table 1: Socio-de m ograph ic and re nal bioch e m ical param e te rs
of diabe te s  m e llitus  Patie nts  and controls .

Control (n=101)

Male
(n=48)

Female
(n=53)

Total
(n=101)

Type 2 Diabetes Mellitus
patients (n=119)

P-value
Male

(n=44)
Female
(n=75)

Total
(n=119)

46.06 ±

14.98

69.10 ±

13.53

1.65 ±

0.13

25.06 ±

4.04

4.79 ±

0.45

99.23 ±

5.56

36.71 ±

11.28

65.79 ±

14.24

1.59 ±

0.17

27.43 ±

14.39

3.73 ±

0.64

78.04 ±

6.90

41.15 ±

13.91

67.36 ±

13.94

1.62 ±

0.15

26.31 ±

10.80

4.01 ±

0.57

89.40 ±

10.66

54.65 ±

12.38

66.88 ±

12.03

1.68 ±

0.10

23.73 ±

4.36

7.80 ±

0.94

70.35 ±

28.08

53.32 ±

9.82

65.85 ±

14.20

1.59 ±

0.99

25.00 ±

3.04

3.38 ±

0.98

60.00 ±

16.01

53.81 ±

10.80

66.23 ±

13.39

1.62 ±

0.10

25.04 ±

5.84

3.52 ±

1.27

63.84 ±

22.09

0.00*

0.54

0.89

0.27

0.00*

0.00*

Norm al value s : Ure a = 3.5-7.1 m m ol/litre  (m ale ), Cre atinine  = 71-
133 µm ol/litre  (m ale )
Ure a = 2.6-6.1 m m ol/litre  (m ale ), Cre atinine  = 62-106 µm ol/litre
(fe m ale )

Right Kidney: Length (cm)

Left Kidney: Length (cm)

Right Kidney:Anteroposterior(cm)

Left Kidney: Anteroposterior (cm)

Right Kidney: Width (cm)

Left kidney: Width (cm)

RightKidney:Parenchymal thickness (cm)

Left kidney: Parenchymal thickness (cm)

Right Kidney:Volume(cm3)

Left kidney (cm3): Volume(cm3)

Parameter Control
(n=101)

Diabetes
mellitus
(n=119)

P-
value

10.05 ± 0.82

10.29± 0.84

4.01 ± 0.50

4.09 ± 0.54

4.29 ± 0.75

4.48 ± 0.68

1.67 ± 0.36

1.79. ± 0.68

88.40 ± 26.24

101.12 ± 30.75

11.14 ± 7.60

12.29 ±11.07

4.14 ± 0.54

4.77 ± 3.95

5.32 ± 0.70

5.32 ± 0.74

2.08 ± 0.66

2.15 ± 0.59

121.26 ± 30.82

135.5 ±37.74

0.15

0.71

0.06

0.08

0.00*

0.00*

0.01*

0.02*

0.00*

0.00*

*Significant diffe re nce  be tw e e n groups .

Table 2: Com paris on of Re nal s iz e s , Pare nch ym al th ick ne s s  and
Volum e  be tw e e n Diabe te s  M e llitus  Patie nts  and h e alth y controls .

Duration
Number of Type 2
diabetes patients

Percentage of type 2
diabetes mellitus

1-2years

3- 4years

5-6years

50

55

14

42%

46%

12%

Table 3: Duration of type  2 diabe te s  m e llitus  in s tudy group
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One  factor th at m igh t lim it th e  ge ne raliz ation of findings
from  th is  s tudy is  from  th e  fact th at it w as  difficult to
e ffe ctive ly m atch e d cas e s  and control in both  th e ir
age  and h e igh t. Th e s e  factors  are  an im portant
corre late  of re nal s iz e s . H ow e ve r, body m as s  inde x
as  a m e as ure  for ove rw e igh t and obe s ity in th is  s tudy
w as  w ith in norm al lim it and th e re  w as  no s ignificant
diffe re nce  in h e igh t be tw e e n cas e s  and controls . Sim i-
larly, m icroalbum inuria a bioch e m ical te s t w h ich  can
pre dicts  glom e rular injury in e arly diabe tic ne ph ro-
path y36 can be  te s te d by radio im m unoas s ay or by
us ing s pe cial de e p s tick . It is  s o nam e d be caus e  th e
abnorm al album in e xcre tion of 30 - 300 m g/h r is  be -
low  th e  lim its  of de te ction of s tandard dips tick s  and
our inability to carry out th is  b ioch e m ical te s t as
pre dictor for e arly re nal injury in our s tudy group is
due  to our low  re s ource  s e tting and lack  of availability
of te s t m ate rials . Th is  obvious ly is  als o a lim itation in
th is  s tudy.
Finally th ough  re nal ch ange s  in pare nch ym a th ick ne s s ,
le ngth  or volum e  can be  as s ociate d w ith  dis e as e
s uch  as  arte rial h ype rte ns ion or be  indicative  of th is ,37

it is  ve ry difficult to pre dict th at th e  ch ange s  in re nal
s iz e s  is  prim arily due  to type  2 diabe te s  m e llitus  s ince
h ype rte ns ion and diabe te s  m e llitus  ofte n occurre d
toge th e r38 and th e  form e r w as  not put into cons ide -
ration at th e  be ginning of th e  s tudy.

re nce  w as  obs e rve d in m e an re nal le ngth  and ante ro-
pos te rior diam e te r be tw e e n control and diabe te s
m e llitus  group on th e  righ t and le ft k idne y.

Discussion

Re nal dim e ns ional variations  are  k now n to occur in
ne ph ropath ie s  due  to h ype rtroph ic proce s s .24 Pre vious
s tudie s  h ave  re porte d incre as e d in k idne y s iz e  in
e arly s tage  diabe te s  m e llitus 25 and de cre as e  or
incre as e  in re nal s iz e  is  k now n to be  an im portant
s ign of re nal dis e as e .26 Th e  pre s e nt s tudy appe ar to
be  th e  firs t to utiliz e  ultras ound to as s e s s  re nal s iz e s
as s ociate d w ith  type  2 diabe te s  m e llitus  in Nige rian
adults  to th e  be s t of our k now le dge . In th is  s tudy th e
ave rage  re nal w idth , pare nch ym al th ick ne s s  and
volum e  of diabe te s  patie nts  w ith  norm al re nal function
w e re  found to be  s ignificantly h igh e rcom pare d w ith
th e ir h e alth y controls . Th is  finding is  cons is te nt w ith
oth e r s tudie s 27 and s ugge s ts  th at type  2 diabe te s  is
ch aracte ris e d byh ype rfiltration-induce d ne ph rom e galy
in th e  e arly s tage  as  all of th e  cas e s  e nrolle d in th is
s tudy h ave  diabe te s  duration of le s s  th an 7 ye ars .
Re nal h ype rtroph yis  a w e ll docum e nte d fe ature  of
type  1 diabe te s  m e llitus .28 Alth ough  le s s  com m on,29

it is  als o found in type  2 diabe te s 30 as  re fle cte d in
th is  pre s e nt s tudy. Pre vious  s tudie s  h ave  give n th e
im pre s s ion th at type  2 diabe te s  is  not com m only
ch aracte ris e d by ne ph rom e galy.31,32 Th e  ge ne ral
argum e nt for th is  appare nt lack  of ne ph rom e galy w as
th at th e  ons e t of type  2 diabe te s  cannot be  s aid w ith
accuracy,as  it m ay be  pre ce de d by a variable  pe riod
of as ym ptom atic h ype rglycae m ia of 5 to 7 ye ars .
During th is  pe riod th e  patie nt m ay h ave  e nlarge d
k idne ys  w h ich  by th e  tim e  of de te ction of diabe te s  -
m ay h ave  re gre s s e d to norm al s iz e .28 Se condly, type
2 diabe te s  is  age  re late d and ofte n s tarts  afte r th e
fortie s , us ually w h e n th e  k idne ys  h ave  s uffe re d th e
long te rm  cons e q ue nce s  of age ing and oth e r re cog-
nis e d prom ote rs  of ch ronic re nal injury s uch  as  arte rial
h ype rte ns ion, obe s ity or pre s e nce  of non-diabe tic
re nal dis e as e .27,33 H ow e ve r, th e  re s ult of th is  pre s e nt
s tudy cle arly re fute s  th is  argum e nt and s h ow s  th at
diabe tic re nal h ype rtroph y can pe rs is t for ye ars  de s pite
glucos e  control as  re porte d in oth e r s tudie s .34,35 It
s h ould be  note d als o th at, s tudie s  h ave  s ugge s te d
re nal h ype rtroph y as  a pre dictor of future  progre s s ion
of diabe tic re nal dis e as e  in type  2 diabe te s  m e llitus .

Conclusion

Th is  s tudy re ve als  th at ch ange s  in re nal s iz e  (w idth ),
pare nch ym al th ick ne s s  and volum e  - ch aracte ris e d
by h ype rfiltration-induce d ne ph rom e galy - are  pre s e nt
in e arly s tage  type  2 diabe te s  m e llitus  and can be
de te cte d by us ing a s im ple , accurate , affordable  and
non-invas ive  im aging m odality. Th is  finding, th e re fore
provide  th e  bas is  for routine  us e  of ultras ound in th e
e valuation of re nal m orph ology in patie nts  w ith  type
2 diabe te s  m e llitus . In th e s e  patie nts , ultras onograph y
not only h e lps  to e xclude  obs tructive  re nal dis e as e
but als o give s  us e ful data on th e  progre s s ion of
diabe tic re nal dis e as e . If ph ys ician can dis cove r e arly
diabe tic re nal com plication in th e  form  of ne ph ropath y
and m odify factors  affe cting its  progre s s ion, th e n its
progre s s ion can be  dis continue d.
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