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Research aim: to study correlation between the renal functional reserve and
glomerular filtration rate in patients with a diabetes mellitus 2 types.

Patients and methods. 40 patients, 14 men (35 %) and the 26th women (65 %) took
part in research, aged from 39-76 years whom were estimated the level of HBA c, renal
excretion of albumin and albumin-to-creatinine ratio, fixed abnormal changes in a urinary
sediment and serum concentration of creatinine, glomerular filtration rate using the formula
of GFR - EPI, and glomerular filtration rate after water-salt load of 0.5 % NaCl determined
by clearance of creatinine followed by using them to determine a renal functional reserve.

Discussion results. Depending on the level of GFR, which ranged from 32 to 97 ml/
min, all patients were divided into 3 groups — 3 patients (7.5 %) with GFR > 90 ml/min,
22 patients (55 %) with GFR 60 89 ml/min and 15 patients (37.5 %) with GFR 30-59 ml/
min.

In all 15 patients (37.5 %) the declines in glomerular filtration rate from 30 to 59 ml/
min were combined with the value of renal functional reserve varied from 16 to 500 %,
averaged to 325 + 17 %, concurrently, the hypercreatinemia ranged from 98 to 137
mmol/l in 12 patients (80 %) and albuminuria varied from 0.03 to 0.08 g/I and from 3.6 to
43.8 mg/mmol creatinine in 6 patients (40 %). At the same time, in 2 patients with estimated
GFR > 90 ml/min, the total normal glomerular filtration rate was maintained by the nephrons
hyperfiltration near its maximum functional operating limit in spite of the complete absence
of kidney damage and good glycemic control. So during the water-salt load, these hidden
abnormalities were manifested as a high urinary albumin excretion reached 26.7 mg/mmol
creatinine and negative value of renal functional reserve varied from -6 to -8 %.

Conclusion. Direct correlation between glomerular filtration rate and functioning
parenchyma mass was not found.

Keywords: renal functional reserve (RFR), chronic kidney disease (CKD), glomerular
filtration rate (GFR), albuminuria, albumin-to-creatinine ratio, glycated hemoglobin
HbA1c, diabetes mellitus 2 types

Introduction introduction of the concept of chronic

Kidney disease and its complications ~ kidney disease (CKD) in clinical practice

meets almost in all patient with type 2
diabetes and quite often the carbohydrate
metabolism disorders are combined with
comorbidities, such as cardiovascular
disease. Since 2002, the Work Group of US
experts has defined «chronic kidney
disease» to include conditions that affect
the kidney, irrespective of their origin. Many
works has been published since the

and the «gold standard» in the primary
diagnosis of CKD recognized simultaneous
estimation of two major indicators — the
glomerular filtration rate (GFR) and
albuminuria / proteinuria [1]. The level of
glomerular filtration rate (GFR) is widely
accepted as the best overall measure of
kidney function [2]. The CKD-EPI equation
was proposed as a more acceptable
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indirect method for estimating GFR in
clinical practice [1, 3, 4]. So, CKD-EPI has
been used among diabetics [5]. Thus,
judging by the GFR and albuminuria
dynamics they determine the prognosis, the
process control and the rate of the chronic
kidney disease progression on the
background of ongoing nephroprotective
therapy. However, GFR depends on the
number of functioning nephrons and on the
filter conditions [6]. Therefore, in patients
with type 2 diabetes can be either an active
nephrons reduction with a compensatory
hyperfiltration in the remaining nephrons so
normal daily glomerular filtration rate can
be declined long enough, or adaptive filtrate
reducion occurs if the ability for
reabsorption is decreased due to tubules
damage [7]. And for the evaluation of this
fundamental difference the renal functional
reserve method was proposed by J.Bosh in
1983 [8]. However, this method is not
commonly used in practice, despite the
relevance and ongoing studies [9]. The
obvious disadvantage of this method was
the high labor cost until A.l. Gozhenko et
al. developed a more successful and readily
applied method to study the renal functional
reserve using water-salt load, which do not
require additional expenses or equipment
and, thereby creates a unique opportunity
to differentiate the nephrons death or their
reversible damage in clinical practice [10,
11, 12 ].

Therefore, the purpose of the work is
to assess the renal functional reserve state
in patients with type 2 diabetes and to
interrelate GFR with it.

Background data of the tested patients

Patients and methods

The study involved 40 patients with
type 2 diabetes, with a grave course with
severe underwent hospital treatment in
Odessa Regional Clinical Medical Center
during 2014 - 2015. There were 14 men
(35 %) and 26 women (65 %), aged 39 —
76 years. The average age of the patients
was 56 years.

Glycemic control of diabetes mellitus
was estimated according to the level of
glycosylated hemoglobin HBAIc, as well as
the glycemia and glycosuria dynamics.

The state of the cardiovascular
system was evaluated by the blood
pressure and Electrocardiogram.

The evaluation of the kidneys damage
was established by the range of GFR, renal
excretion of albumin and albumin-to-
creatinine ratio (ACR), fixed abnormal
changes in a urinary sediment and serum
concentration of creatinine. Albuminuria
was determined using test strips URISCAN.

To determine the glomerular filtration
rate, the following GFR - EPI formula was
used:

GFR = 141 - min(SCr/k,l)a - max(SCr/
k,1)-1.200 - 0.993age -[1.018 in female],
where SCr — serum creatinine (mg/dl), k —
0.7 in female and 0.9 — in male.

Also the glomerular filtration rate after
the water-solt load of 0.5 % NaCl (GFR,,)
was measured by clearance of creatinine
followed by using it to determine a renal
functional reserve.

The study of functional renal reserve
held in the morning

Table 1 hours on an empty
stomach after urinary

Factor

1. Males \ females

2. Body mass index > 29

3. Hypertension (HT) Stage 2,
chronic heart failure (CHF) at I\ Il A stage

4. Diabetic retinopathy

5. GFR > 90 ml\min

GFR 60 — 89 ml\min

GFR 30 — 59 ml\min

6. Serum creatinine, mcmol \ |
> 115in men and > 97 in women

7. Renal excretion of albumin > 0.02 r\n

8. HBA1c<7.5 % \HBAic>7.5%

n % bladder emptying
14\ 26 35\65 L
>4 60 and drinking water
37 925 with 0,5 % NaCl in a
31\6 84 /16 volume of 0.5 ml / kg
338 7955 body weight,
22 55 calculated as:
15 37.5 FRR = (GFR,, —
12 30 GFR) / GFR * 100 %.
16 40
6\34 15185
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Results and discussion

According to the GFR level, which
ranged from 32 to 97 ml/min, all patients
were divided into 3 groups — 3 patients
(7.5 %) with estimated GFR > 90 ml/min,
22 patients (55 %) with estimated GFR 60-
89 ml/min and 15 patients (37.5 %) with
estimated GFR 30-59 ml/min.

Studying renal changes after water-
salt load with 0,5 % NaCl, we found
leukocyturia > 2000 in field of vision in 18
patients (45 %), erythrocyturia > 1000 in
field of vision in 4 patients (10 %),
albuminuria > 2.5 mg/mmol creatinine in
males and > 3.5 mg/mmol creatinine in
females in 20 patients (50 %).

Thus, of the participants with
estimated GFR > 90 ml/min, in 1 patient an
normal albuminuria of 2.6 mg/mmol
creatinine was observed and in 2 patients
severely increased albuminuria, reaching
26.7 mg/mmol creatinine was found.

Of the 22 patients with estimated GFR
60-89 ml/min, 10 people (45 %) had normal
to mildly increased albuminuria, and 12
people (55 %) had moderately increased
albuminuria, max. reaching 13 mg / mmol
creatinine.

Of the 15 patients with estimated GFR
from 30 to 59 ml/min, 9 people (60 %) had
no violations, 5 patients (33 %) had
albuminuria within 3.6-9.7 mg/mmol
creatinine and 1 person had severely
increased albuminuria reaching 43.8 mg/
mmol creatinine.

Correlation between HBA1c and
albuminuria level is demonstrated in the in
the figure 1 bellow:

Thus, of the 11 patients (27.5 %) with
HbA1c level < 7.5 %, 7 patients had optimal
urinary excretion of albumin, 2 patients had
moderately increased albuminuria and 2
others patients had severely increased
albuminuria.

Of the 29 patients (72.5 %) with the
HbA1c level > 7.9 %, the optimal
albuminuria was observed in 7 patients,
moderately increased albuminuria was
found out in 15 patients and severely

increased albuminuria was determined in 1
patient.

Of the 29 patients (72.5 %) with the
level of HbA1c > 7.9 %, 7 had normal to
mildly increased albuminuria, 15 had
moderately increased albuminuria and 1
person had severely increased albuminuria.

We found that of 39 patients, 92.5 %
had positive renal functional reserve ranged
from 16 to 500 %, averaged 246 + 13.2 %,
despite considerable kidneys damage.

Studing a group of 15 patients (37.5
%) with decreased range of GFR (30-60 ml/
min), hypercreatinemia with values from 98
to 137 mmol/I was recorded in 12 of them
(80 %) and albuminuria from 0.03 to 0.08
g/l and from 3.6 to 43.8 mg/mmol
creatinine was found in 6 patients (40 %).
Besides, the leucocyturia, ranged from
2000 to 22 250 in field of vision and
erythrocyturia, from 1000 to 1 750 in field
of vision, was observed in 8 patients (53
%). So, all the patients from this group had
obvious kidneys damage, but the renal
reserve value was in the range from 16 to
500 %, with an average 325 * 17 %. It was
not found a direct correlation between
decreased level of kidney function and its
damage in this patient group and loss of
functioning parenchyma mass, so,
apparently, there was no functional
nephrons death.

Only 3 patients had absent renal
functional reserve, ranging from -6 to -28

16 H normal

14 albuminuria
12
10

Omoderately
increased
albuminuria

6 +
4
2 A
0 -

Bseverely

increased
albuminuria

HBAlc HBAlc
<75% >75%

Fig. 1 Correlation between HBA1c and
albuminuria level
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% (Table 2). Table 2
In the 3rd case Descriptive characteristic in patients with the absent renal
the existence of functional reserve
; . Ne|S A B HT |[HBA¢|Renal |[Serum GFR|GFRgy, |R |ACR after|
negatlve_ RFR of 2_8 e |[g M |St.2 |[c% |excre- [creatinine, ml/ [ml\min |F |water-solt
% is logic : metabolic x e | tion ofimcmol/l |min R, [load
disorders such as albu- % |mg\mmol
besit oor min, g\l creatinine
severe 0 i
, Y: PO 11m|58]30 ?IHAF 70 | 002 74 97| o |-6| 267
glycemic control with
2 m| 51|28 |[CHFI| 6.0 0.02 82 95 88 -8 26
HbA1c level of 11.8 CHE
o . f |59 |40 0A 11.8| 0.15 76 74 53 -28 12.2
% and mildly
increased
albuminuria were Table 3
combined with Descriptive characteristic in patients after the water-salt load of 600 mi
hemodynamicC [Ne [sex Age |BMI The volume of | Urine output | % of urine | Rate of
disturbances _ fluid intake, in 60 min., | output to flu- | urine flow,
. 5 ml ml id intake mil/min
hypert.en3|on stage 2, 4| 'm | s | a0 410 270 65.8 4.5
chronic heart failure [2 [ m | 51 28 415 290 69.8 48
atll Astage. Besides, |3 | f | 59 40 600 20 3.3 0.33

after the water-salt

load of 600 ml, the ratio of urine output to
fluid intake was 3,3 % and rate of urine flow
was 0.33 ml/min (Table 3).

The feature that, the other two
patients initially had normal renal excretion
of albumin of 0.02 g/I, average GFR level
of 96 ml/min, moreover, the optimal control
of HbA1c level 6.5 %, but during the water-
salt load the negative RFR was recorded,
reaching from -6 to -8 %. And it was not
associated with a decreased rate of urine
flow, which averaged 4.7 ml/min (Table 3).
Thus, in spite of, any initially registered
kidneys violations and good glicemic
control, apparently, the total normal
glomerular filtration rate was maintained by
the nephrons hyperfiltration near its
maximum functional operating limit. And
during the water-salt load, this irreversible
damage manifested as severely increased
albuminuria of 26.7 mg/mmol creatinine
and negative RFR, ranging from -6 to -8 %.

Conclusions

Of the 40 patients with type 2
diabetes mellitus, 20 had albuminuria with
values from 0.03 to 0.15 g/I, on the
average of 0.04 g/I, and after the water-
salt load the renal excretion of albumin
increased, being in the range from 3.6 to
43.8 mg/mmol creatinine.

The most of the patients (92.5 %) with
type 2 diabetes with the GFR level from 30
to 97 ml/min, had the values of renal
functional reserve in the range from 16 to
500 %, with an average 246 + 13.2 %,
despite the presence of the albuminuria (50
%), hypercreatininemia (30 %), and
decreased level of kidney function (37.5 %).

Negative RFR, ranging from -6 to -28
%, was detected only in some patients, on
the initial stage of GFR. Thus, in these
patients, despite of any registered kidneys
damage and good glycemic control at first
sight, given antihypertensive and so,
nephroprotective therapy, the normal GFR
was maintained by the total hyperfiltrating
of remaining nephrons.

At the same time, all 15 patients (37.5
%) with decreased GFR level from 30 to 59
ml/min had the renal functional reserve in
the range of 16 to 500 %, with an average
of 325 £ 17 %, despite the
hypercreatinemia with values ranging from
98 to 137 mmol/l in 12 patients (80 %) and
moderately to severe increased
albuminuria, varying from 3.6 to 43.8 mg/
mmol creatinine in 6 patients (40 %).

Thus, the RFR study at the early
stages of chronic kidney disease gives the
opportunity to differentiate when normal
GFR is provided by hyperfiltration of the
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remaining nephrons, and, conversely,
whether decreased level of kidney function
is related with the nephrons death, or is a
functional one.
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Pe3iome

B3AMMOCBA3b ®YHKLUNOHAJIbHOIO
MOYE4YHOIO PE3EPBA 11 CKOPOCTU
KNTYBEOYKOBOW ®UNBTPALNN Y
BOJIbHbIX C CAXAPHbIM JNABETOM 2
TUMNA

KysHeuosa E.C., KysHeuos C.I., LLlyxTuH
B.B., bobpuk JI.M., loxeHko A.U.

Llenb nccnepoBaHns: n3yynTb B3au-
MOCB$13b OYHKLMOHANILHOIO NOYEYHOro pe-
3epBa 1 CKOPOCTU Kiybo4KOBOW punbTpa-
UMM y B60nbHBIX C caxapHbiM anabetom 2
TMna

MauneHTol 1 meTogbl. B nccneposa-
HUN NpUHUManM ydactme 40 6onbHbIX, 14
MYX4UH (35 %) n 26 xeHwmHbl (65 %), B
Bo3pacTte oT 39 — 76 neT, KOTOPbLIM OLle-
HuBanu yposeHb HBA1cC, MoyeByto aKckpe-
unio anbbymmHa, CTOMKUE M3MEHEHUS B
0cajKe MOYM U CbIBOPOTOYHOM KOHLIEHTPA-
UMM KpeaTUHUHA, CKOPOCTb KyOOUKOBOWM
dunbTpaunun, BbIYUCISEMYIO MO GopMyne
GFR - EPI, a Takkxe CKkOpOCTb KiyOO4YKOBOM
duneTpauun nocne BOgHO- COJSIEBON Ha-
rpyskm ¢ 0,5 % NaCl, onpegensemyto no
KITMPEHCY KpeaTUHMHA, C MOCNenyloLwmnm
ncenegoBaHneM GyHKUMOHAIbHOIO NoYyey-
HOro pesepsa.

PesynbraThl 1 nx obecyxaeHune. B 3a-
BUCUMOCTWN OT ypoBHA CK®, koTOpbIA Ha-
xoaunca B npeaenax ot 32 oo 97 Mn/MuH,
BCE NauueHTbl OblNK pa3aeneHbl Ha 3 rpyn-
nel — 3 nauuyeHTa (7.5 %) co CKd > 90
MI/MUH, 22 naumeHTa (55 %) co CK®P 60-
89 mn/MuH 1 15 naumeHTtoB (37,5 %) co
CK® 30-59 mn/mMuH.

Y Bcex 15 naumeHToB (37,5 %) co
cHuxeHHo CK® ot 30 oo 59 mn/MuUH 3Ha-
YeHuns GYHKLMOHANBHOrO MOYEeYHOro pe-
3epBa HaxoaMNINCb B MPoMexyTke oT 16 a0
500 %, B cpegHem 325 + 17 %, npn 3TOM
Oblna 3aperncTpupoBaHa y 12 naumeHToB
(80 %) rmnepkpeaTHEMMS CO 3HAYEHNSIMMN
o1 98 oo 137 mmonb/n, y 6 yenosek (40 %)
— anbbymmnypus ot 0.03 go 0,08 r/n n ot
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3,6 0o 43,8 mr/mMmmonb KpeaTtuHuHa. B 10
Xe Bpems, y 2 naumeHTtoB co CKd > 90 mn/
MWH, HECMOTPS Ha, NepBbI B3rNa4, OTCYT-
CTBME MOBPEXOEHUN MOYEK M XOPOLUMI
KOHTPO/b FNMKemMmm, HopmanbHaa CK®
noogep>mpanacb CyMMapHoOn rmunepdunb-
Tpaumei octaBLUNXCA HedPOHOB, paboTa-
IOLLUX HA CBOEM (PYHKUMOHANBLHOM npeae-
ne. 1 Bo Bpems npoBeaeHus npoodbl, npu
OOMNOSIHUTENBLHOW BOAHO-COJSIEBOMN Harpya-
Ke, 3T HeobpaTUMble HaPYLLEHUS NPOSABU-
JINCb B BUAE BbICOKOW MOYEBOIN SKCKPELMUN
anbbymunHa o 26,7 Mr/Mmornb U oTpuua-
TenbHoM PI1P ot -6 oo -8 %.

BoiBog. lNpamoin B3aMOCBA3U MeX-
Oy CKOPOCTbIO KJTyBOYKOBOW punbTpaumm n
MacCon PYHKUMOHUPYIOLLEN NapeHXnMbl He
HaraeHo.

KnioyeBsbie cnioBa: QyHKUNOHAsIbHbIN M10-
YyeyHbliti pe3eps (PI1P), xpoHn4eckas 60-
ne3Hb novek (XbI1), ckopocTb KiyboyKko-
Bovi punbtpaummn (CK®), anbbymuHypus,
abOyMuH- KpeaTuHMHOBOE COOTHOLLEe-
HWe, MMKO3UINPOBAHHbIV reMorinoouH
HBAT1c, caxapHbivi anabet 2 tuna

Pe3ome

B3AEMO3B’'A30K dYHKUIOHAJIBHOIO
HNMPKOBOIO PE3EPBY | LUBNOKOCTI
KNYBOYKOBOI dUILTPALIT Y XBOPUX 3
LYKPOBUM AOIABETOM 2 TUMY
KysneuoBa K.C., KysHeuos C.I., LLIyxTiH
B.B., bobpuk J1.M., loxeHko A.l.

MeTa pocnigkKeHHs: BUBYUTU B3aeE-
MO3B’a30K YHKLiIiOHANbHOIO HUPKOBOrO
pe3epBy | WBUAKOCTI KIyboO4YKOBOi
QinbTpauii y XBopux 3 LYKPOBUM AiadbeTom
2 Tuny

MauieHTn Ta metoan. Y DOCNimXEHHi
npunmanm ydactb 40 xsopux, 14 yonosikis
(35 %) i 26 xiHkn (65 %), Bikom Big 39 —
76 pOKiB, IKMM OLLHIOBaNN piBEHb HBa,c,
CEYOBY eKCKpeLilo anbbyMiHy, CTilKi 3MiHU
B ocafi ceui i cMpoBaTKOBOI KOHLEHTpAaLlji
KpeaTuHiHY, WBUAKICTb KIyBo4YKOBOi
dinbTpauii, ska ob4ncnioeTbca 3a Gopmy-
noto GFR — EPI, a Takox WBWMAKICTb Kiy-
©04KOBOI PinbTpaLji nicng BOAHO CONLOBO-
ro HaBaHTaxeHHsa 3 0,5 % NaCl, aka BuU3-
Havasiacs KNipeHCoM KpeaTuHiHy, 3 nogasb-

WM OOCNIAXXEHHAM DYHKLiOHANbHOIO HMP-
KOBOIO pe3epBy.

Pesynbtat Ta ix 06broBopeHHs. 3a-
nexHo Big, piBHA CKD, akuin 3HaxoamBcs B
Mexax Bif, 32 0o 97 mMn/xB, BCi NauieHTU
Oynu po3agineHi Ha 3 rpynn — 3 naujeHTa
(7,5 %) 3i CKd > 90 mn/xB, 22 naujeHTa
(55 %) 3i CK®d 60- 89 mn/xB i 15 nauieHTis
(37,5 %) 3i CKd 30-59 mn/xB.

Y Bcix 15 nauienTtiB (37,5 %) 3i 3HU-
xeHoto CK® Big 30 0o 59 mn/xB 3HAYEHHSA
®YHKLiOHaNbHOro HAPKOBOIO pPe3epBy ne-
pebyBanu B npomixky Big 16 no 500 %, B
cepeaoHbomy 325 + 17 %, npu ubomy Oyna
3apeecTtpoBaHa y 12 nauieHTiB (80 %)
rinepkpeaTtmnHemia 3i 3Ha4eHHaMK Big, 98 0o
137 mmonb/n, y 6 ocid (40 %) — anbbym-
iHypia Big 0,03 0o 0,08 r/n i Big, 3,6 0o 43,8
Mr/MMOJb KpeaTuHiHy. B Ton xe 4ac, y 2
nauieHTiB 3i CK®D > 90 mn/xB, He3Baxaiouu
Ha, Nepwunin Nornsaa, BiACYTHICTb MOWKOA-
XEHb HUPOK i A0OPUIA KOHTPOSb MiKEMIT,
HopmanbHa CK® niarpumyBanacs cymap-
HOO rinepoinbTpauielo HedpPoHiB, NpaLo-
IOYMX Ha CBOIN PyHKUiOHaNbHIN Mexi. | nig,
yac NPoOBEAEHHS NPobdun, Npu A0AATKOBOMY
BOOHO-COJIbOBOMY HaBaHTaXeHHI, L HE3BO-
POTHI NOPYLUEHHA NPOSABUNNCS Y BUMMSai
BMCOKOI CEYOBUN eKcKpeLii anbbymiHy [0
26,7 mr/mMmmons | HeratusHomy DI1P Big, -6
no -8 %.

BucHoBok. MNMpamoro B3aemMo3B’A3Ky
MiX LUBUAKICTIO KNyOO4YKOBOiI dinbrpauii i
Macoto GYHKLiOHYIOHOI NapeHxiMmn He 3Ha-
OEeHO.

Knio4oBi cnoBa: yHKLIOHABbHU HUPKO-
Buii pe3eps (PI1P), xpoHiyHa xBopoba
HUPOK (XXH), wBuakicTe KiTyOO4YKOBOI
QinbTpauii (LLUK®), anbbymiHypis, anb-
OYyMiH- KpeaTuHIHOBE CrliBBIHOLLIEHHS,
71iIK03uIbOBaHWVi remMorsio6iH HBa,c, uyk-
poBuii giabet 2 Tuny.

Bnepsbie noctynuna B pegakumio 14.02.2015 r.
PekomeHgoBaHa K nedatun Ha 3acefgaHuu
PenakUMOHHOU KOJIIernn rnocse peLeH3npoBaHus
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