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Introduction
Data from experimental studies shows that diabetes mellitus (DM) and uninephrectomy 

(UNX) in animals with induced DM had a cumulative effect on renal hypertrophy, with increased 
value of the glomerular sclerosis index [1-4]. Moreover, it seems that the acceleration of 
glomerular lesions was more closely related to hemodynamic adaptations than to glomerular 
hypertrophy [1-3]. The negative consequences which result from the inter-relation of DM 
with UNX revealed in experimental studies were also described in human studies, mainly in 
people who donated one kidney.

Living Kidney Donors and Diabetes Mellitus
Acquired solitary kidney (aSK) in adults is mainly due to radical UNX for living kidney 

donation, renal tumor, and trauma. To date, globally, 35,000 living kidney donor (LKD) 
transplants are performed yearly [5]. Statistical data for the United States shows that the rate 
of living kidney donation had progressively increased from 1,800 donations in 1998 to 6,600 
donations in 2004. Since 2011, the annual rate of living kidney donation has decreased and 
has remained stable around 5,650 kidney donations per year [6]. Although in the past UNX for 
living kidney donation was regarded as a safe condition, nowadays it is well-established that 
donors have a higher risk of end stage renal disease (ESRD) than matched healthy non-donors 
[7]. Thus, following UNX, LKD have 3 to 5 times higher relative risk of ESRD as compared with 
their counterparts with two kidneys [8,9]. It has been shown that DM and hypertension are 
the most frequent causes of ESRD at over 10 years after donation [8,9].
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Abstract
 Over the last 20 years, most of the studies regarding the kidney outcome of people with solitary 

kidney (SK) show that there is a progressive loss of renal function in these individuals. In order to 
carry out the renal work undertaken by two kidneys, SK must adapt through complex phenomena of 
hypertrophy and hyperfiltration. The adaptive changes are considered, “the first hit” of SK because these 
lead to glomerular injury with progressive loss of kidney function. Thus, more than 50% of children with 
congenital SK have markers of renal injury by the age of 18 years. Also, living kidney donors have 3 to 5 
times higher relative risk of end stage renal disease (ESRD as compared with their counterparts with two 
kidneys. A “second hit”, such as obesity, hypertension, and diabetes mellitus (DM), which superimpose 
to the SK status conducts to a faster decline in kidney function and to a poor renal prognosis of these 
individuals. Due to the fact that type 2 DM is a pandemic disease of the 21st century, with an increasing 
prevalence among SK patients, in this paper we aimed to present different patterns of the inter-relation 
between SK and DM.
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 In the general population, DM accounts for nearly half of all 
ESRD cases, while in living kidney donors (LKD), 12% to 22% of 
ESRD cases have been related to DM [9,10]. This lower percentage 
of ESRD in relation to DM in LKD seems to be due to the fact that 
those individuals who are at very high risk of DM are excluded from 
donation. Moreover, LKD are considered to be healthier [6,9,11]. 
Diabetes mellitus develops in 3-18% of LKD at 5-18 years after 
donation and is strongly associated with an increase in the incidence 
of ESRD from the early to the late post-donation period [11]. In 
a large cohort which consisted of 125,427 LKD, the cumulative 
incidence of ESRD increased from 10 cases with ESRD per 10,000 
at 10 years post donation to 85 cases with ESRD cases per 10,000 
at 25 years post-donation, late post-donation ESRD being more 
frequently reported as diabetic-ESRD [8]. When LKD who develop 
DM were compared with diabetic patients with two kidneys, the 
first ones were more likely to superimpose hypertension and 
proteinuria [11]. In LKD who associate DM, it seems that eGFR 
decline exceeds that of non-diabetic counterparts only if they have 
hypertension and proteinuria, an observation which is similar 
to what is known from the general population [11]. By contrast, 
other studies revealed that the prevalence of proteinuria and 
hypertension in diabetic LKD is not different from what is found in 
diabetic patients with two kidneys [12]. It is conceivable that since 
compensatory hyperfiltration is almost complete in the early post-
donation period, no boost hyperfiltration exists by the time when 
DM occurs. Moreover, adaptive hyperfiltration in the remaining 
kidney is maintained stable through compensatory glomerular 
hypertrophy, with augmentation in renal plasma flow and in the 
whole-kidney ultrafiltration coefficient, rather than through an 
increase in the intraglomerular pressure, as described in DM [13]. 

Surgically Acquired Solitary Kidney (SaSK) and 
Diabetes Mellitus

In a recent retrospective study performed on 172 patients 
with SaSK, DM was an independent risk factor for chronic kidney 
disease (CKD) stage 3, with a nearly four-fold higher risk (OR 
4.401, 95% CI 1.693-11.44, p=0.002) [14]. Similar findings were 
described in a 6.3 year follow-up study conducted on a cohort of 
499 SaSK in which, after nephrectomy, DM was associated with 
low-eGFR (OR=8.96, P=0.002) and with high serum creatinine 
(OR=10, P <0.0001) [15]. In a small clinical series, Nielsen et al 
observed that patients with SaSK and DM are at an increased risk of 
developing diabetic nephropathy with nephrotic range proteinuria 
[16]. Similar findings were reported by Samspon et al in a study 
carried out in SaSK patients and DM [17]. In another study which 
included 20 SaSK patients with DM, Silveiro et al concluded that 
the association of SaSK with DM leads to an increased prevalence 
of micro- and macroalbuminuria. Thus, SaSK diabetic patients 
presented a significantly higher rate of microalbuminuria (40%) 
than SaSK non-diabetic patients (17.6%; P=0.03) and type 2 
DM patients (20%; P=0.03). Also, SaSK diabetic patients had a 
higher proportion of macroalbuminuria (30%) as compared with 

SaSK non-diabetic patients (6%; P=0.03) [18]. When analyzing 
the urinary albumin excretion rate and the SaSK duration, the 
development of albuminuria is faster in SaSK patients with DM 
versus SaSK patients with no DM (a median period of 5 years as 
compared to a median time of 30 years) [18]. Consistent with these 
data are the findings of a recent study performed by our team, in 
which we compared 84 SaSK patients with DM versus 84 patients 
only with DM. We observed that individuals with SK presented 
significantly higher proteinuria, but there were no differences 
regarding eGFR [19]. We concluded that there is a higher degree 
of renal injury in SaSK diabetic patients than in patients only with 
DM, even if this phenomenon is not reflected in the eGFR levels 
[19]. Furthermore, in this study we found significantly higher 
cardiovascular abnormalities in SaSK with DM versus patients 
only with DM (i.e. higher prevalence of arterial hypertension and 
coronary artery disease) [19].

Congenital Solitary Kidney and Diabetes Mellitus
To date, there are sparse data regarding the inter-relation 

between congenital SK (cSK) and DM. Most of the information 
currently available on the outcome of cSK highlights the fact that 
children born with a cSK have an increased risk of hypertension 
and CKD even from early adulthood [20]. By the age of 10 years, 
one in three cSK children has indicators of renal injury and more 
than 50% of the cSK children develop signs of renal injury by the 
age of 18 years, while 20-40% of patients with cSK require renal 
replacement therapy by the age of 30 years [20,21]. However, 
data about consequences due to superimposed DM to the cSK 
condition are only reported in few cohorts of cSK patients. Thus, 
Baturk et al. [22] found DM in 16.1% of the 31 cSK patients who 
were evaluated. The presence of DM was significantly associated 
with CKD development in cSK patients (P=0.038) [22]. In contrast, 
in a recent Korean study which included 153 persons with cSK, the 
association of DM to the cSK status did not increase the risk of CKD 
development [23].

Conclusion
In SK individuals, renal function could be maintained within 

normal range through adaptive hyperfiltration and hypertrophy, 
but a superimposed “second hit” such as DM may lead to a poor 
kidney outcome. In LKD, de novo DM is associated with higher risk 
of ESRD in the late post donation period, a fact which implies a 
longer period of follow-up post donation and a rigorous selection 
of potential living donors. Solitary kidney patients should be always 
referred to a nephrologist in order to ensure an early diagnosis of 
renal damage and to decrease the risk of CKD progression.
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