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Abstract
An obese patient with type 2 diabetes whose diet was changed from the recommended highcarbohydrate, low-fat type to a low-carbohydrate diet showed a significant reduction in
bodyweight, improved glycemic control and a reversal of a six year long decline of renal function.
The reversal of the renal function was likely caused by both improved glycemic control and
elimination of the patient's obesity.
Insulin treatment in type 2 diabetes patients usually leads to weight increase which may cause
further injury to the kidney. Although other unknown metabolic mechanisms cannot be excluded,
it is likely that the obesity caused by the combination of high-carbohydrate diet and insulin in this
case contributed to the patient's deteriorating kidney function. In such patients, where control of
bodyweight and hyperglycemia is vital, a trial with a low-carbohydrate diet may be appropriate to
avoid the risk of adding obesity-associated renal failure to already failing kidneys.

Background
In Sweden the number of patients with type 2 diabetes
accompanied by end-stage renal failure has increased by
80 % since 1991 [1]. Control of blood glucose is crucial
because of the proven link between HbA1c and the rate of
decline of the kidney function in diabetic nephropathy
[2]. Metabolic control in such patients is, however, difficult because the recommended low-fat diet with its high
content of carbohydrates usually leads to a vicious cycle:
hyperglycemia caused by the high-carbohydrate diet
necessitates the use of insulin; efforts to normalise the
blood glucose with insulin leads to increase of appetite
and bodyweight [3]; the rise of bodyweight exposes the
patient to the risk of obesity-associated renal failure [4]. A
low-carbohydrate diet, however, is a potent antihypergly-

cemic remedy and may at the same time lead to weight
loss [5,6].
We report here a significant reduction in body weight,
improved glycemic control and reversal of a six year long
decline of renal function in a patient with type 2 diabetes,
whose diet we changed from the usually recommended
high-carbohydrate, low-fat type to the opposite.

Case report
The patient is a 60-year old man who was diagnosed with
type 2 diabetes in 1989 and had a family history of overweight and diabetes. Retinopathy was diagnosed in the
mid-90s. The patient had been treated several times with
focal laser photocoagulation. In 2003 he developed pro-
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liferative retinopathy and was treated with photocoagulation. In addition to glimepiride and the ACE-inhibitor
quinapril, medication included metoprolol, furosemide,
simvastatin and aspirin. In 1995–1997, his blood pressure (BP) was on average 125/90 mm Hg. Over the same
period, the patient's bodyweight varied between 89 kg
and 85 kg. Traditional dietary counselling for weight loss
usually resulted in a short-term loss of a few kg, but the
bodyweight soon increased again.
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In July 1997 albuminuria was noted with a urine concentration of 116 mg/l. That year the patient's average body
mass index (BMI) was 29.4 kg/m2 and the average bodyweight was 87.0 kg.
Insulin treatment was started four months later resulting
in a temporary improvement of HbA1c but an increase in
bodyweight. One year later, his BMI was 32.5 kg/m2 and
his weight was 94 kg. The insulin dose was lowered in
order to avoid further increase in bodyweight. In the years
1998–1999, following the weight increase and despite
improved glycemic control, his BP increased to an average
145/90 mm Hg. Likewise, urine albumin increased as
seen in the Figure. In 2000, despite a still reasonable glycemic control but following further weight increase, the
albuminuria reached an average of more than 2000 mg/l
and the BP was 160/90 mm Hg. Both were controlled by
exchanging quinapril for the angiotensin II receptor
antagonist candesartan, and by adding amlopidine. The
BP has since been stable, averaging 130/76 (± 10/7) mm
Hg, but the decline of renal function continued. The Figure shows the albuminuria record and the increase in
HbA1c, serum creatinine and body weight with increasing
insulin dosage.
In January 2004 his diet was changed radically by reducing dietary carbohydrates to 80–90 g per day, consisting
only of vegetables and small amounts of hard bread (crisp
bread). Potatoes, bread, pasta, rice and cereals were
excluded, and the caloric requirements were covered by
protein and fat. To ease the transition the patient was supplied with a number of meal recipes suggesting a caloric
restriction to about 1800 calories per day. The per cent
proportions of carbohydrates, fat and protein in the recipes were 20 : 50: 30.
Less than two weeks later the patient discontinued his
insulin treatment and 6 months later his bodyweight had
decreased by 19 kg. HbA1c had dropped to 6.5 % after 3
months, and the steady rise of his serum creatinine
stopped. The creatinine has since – for two-and-a-half
years – been stable as seen in the figure. When insulin was
discontinued rosiglitazone was prescribed. In the Table
measured parameters are shown before the dietary
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Figure
1 bodyweight, HbA1c, insulin doses and urine-albuCreatinine, bodyweight, HbA1c, insulin doses and
urine-albumin. The figures shown are the average per year
(including the first 5 months of 2006) before and after a
change to a low-carbohydrate diet in an obese patient with
type 2 diabetes and renal failure. Arrow: Start of low-carbohydrate diet. Creatinine and urine albumin concentrations
are given with ranges. Normal range: HbA1c <5.6 %. Creatinine 60–120 µmol/l. Urine albumin normal < 30 mg/l.
change, and now. As of late 2005 there was no sign of proliferative disease in the patient's retinopathy.

Discussion
As early as two years after the appearance of albuminuria,
the patient had increased creatinine and urine albumin
and higher BP. This happened despite a significantly
improved glycemic control, although following an
increase of bodyweight. A change of medication did affect
BP and albuminuria but not the decline in kidney function. Only after a weight loss of 19 kg and an HbA1c
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Table 1: The measured parameters before the dietary change,
and current.

Weight (kg)
BMI (kg/m 2 )
Blood pressure (mm Hg)
§HbA1c (%)
§Creatinine (µmol/l)
§BUN (mmol/l)
§Urine-albumin (mg/l)
Cholesterol (mmol/l)
HDL (mmol/l)
Triglycerides (mmol/l)
Ratio Chol/HDL
Ratio TG/HDL

January 2004

May 2006

102
34.5
135/75
9.4
269
15.3
410
3.7
0.8
1.8
4.6
2.25

81
27.4
130/75
6.5
215
14.4
104
4.3
1.3
2.1
3.3
1.6

§ normal range: Creatinine = 60–120 µmmol/l; BUN = 3.2 – 8 mmol/l;
urine-albumin <30 mg/l; HbA1c <5.6 %.

reduction from a mean of about 8.5 % to 6.5 % was the
steady decline of the kidney function reversed.
Diabetic nephropathy normally progresses to end-stage
renal failure irrespective of the treatment. Only a complete 24 hour normoglycemia, as seen after pancreas
transplants, can give the patient a chance to preserve the
remaining kidney function.
In the Diabetes Control and Complication Trial (DCCT) a
reduction of HbA1c from 9 % to 7 % (DCCT) led to a 40–
50 % reduction in the number of patients whose kidney
function deteriorated [2]. The reduction of HbA1c cannot
by itself explain the change of the rate of decline. Also the
HbA1c is far from normal. This level of hyperglycemia
would not be able to produce a reversal to a completely
preserved kidney function. Moreover, an almost normalised HbA1c in the years following the commencement of
insulin treatment had no effect on the decline then.

Obesity and renal failure
Obesity is a strong risk factor for renal failure especially in
patients with diabetes and hypertension [4]. Even lean
persons with central body fat distribution are at risk of
having a lower rate of glomerular filtration [7]. An obesity-related glomerulopathy has been described [8]. The
etiology may be ascribed to the fact that adipose tissue is
a source of hormones including angiotensinogen, renin
and leptin that may well influence renal function and BP
[9,10]. Numerous inflammatory mediators such as TNFα,
IL-6, resistin and others [11] are also secreted from fatty
tissue. These contribute to chronic inflammation, general
atherosclerosis and probably insulin resistance.

Beneficial effect of weight loss in proteinuric nephropathy
has been shown in a controlled study [12]. A weight
reduction of about 25 kg in an overweight diabetes patient
after gastric by-pass lowered the proteinuria by 84 % and
after further weight loss led to normalisation of a slightly
elevated creatinine [13]. Finally, two case reports have
described the partially resolving and stabilisation of dialysis-requiring renal failure after weight loss following bariatric surgery [14,15].
The common adverse effect of insulin treatment, the
increase in bodyweight, may have contributed to the deterioration of the patient's kidney function in the years
before the dietary change. Some degree of insulin sensitivity in the adipocytes is necessary for weight increase. During the first couple of years, with relatively modest insulin
doses, the patient had a reasonable glycemic control while
he increased in weight, which points at some degree of
insulin sensitivity. By the year 2000, body weight may
have exceeded an individual threshold for the accumulation of visceral fat after which insulin resistance increased
[16 ] necessitating more insulin.
It may be assumed that improved glycemic control as well
as weight loss contributed to stabilization of the patient's
kidney function. The actual mechanisms behind the
course of the patient's kidney disease are not known, however, and it cannot be excluded that other metabolic
changes have contributed to the improvement of the renal
function independently of weight loss. Even though other
unknown metabolic pathways and mechanisms may have
been involved, it is still unlikely that this patient would
have avoided dialysis if his diet had not been changed.
This is suggestive of a causal relationship between the diet
and the course of the patient's kidney disease.

Low-carbohydrate diet and weight loss
Low plasma insulin is a prerequisite for maximally stimulating the hormone-sensitive lipase that is responsible for
lipolysis in fatty tissue. It therefore makes sense for an
obese diabetes patient to reduce the high intake of carbohydrates. In this way the blood glucose is reduced and the
patient is able to diminish or discontinue insulin. In addition, a low-carbohydrate diet with ad libitum food intake
has been shown to be superior to the traditional calorierestricted, low-fat, high-carbohydrate diet for weight loss
in five randomised controlled studies [17-21]. The primary effect is caused by a lowering of appetite and a
caloric intake reduced to the appropriate level for the
patient's height [22].
The protein content of a diet may be a concern, but the
actual size of the effect of protein restriction is modest
[23,24]. It is also a misconception that a low-carbohydrate
diet automatically is high in protein. This misconception
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may be a barrier for the use of a low-carbohydrate diet
which is a highly effective tool in the management of type
2 diabetes. Such a diet can be modified so it suits the
patient's needs i.e. the energy from carbohydrates can be
replaced by energy from dietary fat and not necessarily
from protein. The patient here was given a number of
meal recipes at start. The aim was to give him the means
to learn how to use this new dietary tool, which in essence
leads to a completely different mind-set regarding diet. He
was then recommended to consume about 70–90 g lowstarch carbohydrates per day and to eat more fat. The
patient is today still keeping the carbohydrates at the recommended level. He eats more fat and probably about
80–90 g of protein per day.
A motivating factor, in addition to being able to see that
the kidney function has stabilized, was probably the
increased feeling of well-being that followed very soon
after the dietary change. Within 1–2 weeks of the dietary
change – before any significant weight reduction had
occurred – poor sleep and chronic fatigue was exchanged
for a sound sleep pattern and increased vitality. This effect
soon allowed the patient to again involve himself wholly
in the running of his company. The reversal of the tiredness seen with chronic hyperglycemia may have been the
cause. It may be that reversal of carbohydrate-induced
memory impairment in type 2 diabetes played a role in
restoring the patient's alertness and self-confidence [25 ].
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Conclusion
The present case report shows that a low-carbohydrate,
high-fat diet improves glycemic control, reduces body
weight and may prevent the development of end-stage
renal failure in an overweight patient with type-2 diabetes.
Furthermore, it raises the concern that the obesity caused
by the combination of a high-carbohydrate diet and insulin may have contributed to the patient's failing kidney
function.

16.

17.

18.

Competing interests
The author(s) declare that they have no competing interests.

19.

Authors' contributions
PB conceived the idea for the paper. JVN wrote the manuscript. PW and JVN analysed the data. All three gave final
approval to the manuscript.

Acknowledgements
We thank the patient for permission to describe the history.

References
1.
2.

SRAU(Svensk Register for Aktiv Uremivård, 2005) [http://
www.socialstyrelsen.se/Amnesord/halso_sjuk/Kvalitetsregister/
urin_konsorgan/kva023]
The Diabetes Control and Complications Trial Research Group: The
effect of intensive treatment of diabetes on the development

20.
21.
22.

23.

and progression of long-term complications in insulindependent diabetes mellitus. N Engl J Med 1993, 329:977-986.
Henry RR, Gumbiner B, Ditzler T, Wallace P, Lyon R, Glauber HS:
Intensive conventional insulin therapy for type II diabetes.
Metabolic effects during a 6-mo outpatient trial. Diabetes Care
1993, 16(1):21-31.
Hsu C, McCulloch CE, Iribarren C, Darbinian J, Go AS: Body mass
index and risk for end-stage renal disease. Ann Int Med 2006,
144:21-28.
Gannon MC, Nuttall FQ: Effect of a high-protein, low-carbohydrate diet on blood glucose control in people with type 2 diabetes. Diabetes 2004, 53:2375-2382.
Nielsen JV, Joensson E, Nilsson AK: Lasting improvement of
hyperglycaemia and bodyweight: low-carbohydrate diet in
type 2 diabetes. – A brief report. Ups J Med Sci 2005, 110:69-74.
Pinto-Sietsma SJ, Navis G, Janssen WM, de Zeeuw D, Gans RO, de
Jong PE, PREVEND Study Group: A central body fat distribution
is related to renal function impairment, even in lean subjects. Am J Kidney Dis 2003, 41(4):733-41.
Kambham N, Matkowitz GS, Valeri AM, Lin J, D'Agati YD: Obesityrelated glomerulopathy: An emerging epidemic. Kidney International 2001, 59:1498-1509.
Gross ML, Amann K: Progression of renal disease: new insight
into risk factors and pathomechanisms. Curr Opin Nephrol
Hypertens 2004, 13:307-312.
Wolf G: After all those fat years: renal consequences of obesity. Nephrol Dial Transplant 2003, 18:2471-2474.
Wisse BE: The inflammatory syndrome: The role of adipose
tissue cytokines in metabolic disorders linked to obesity. J
Am Soc Nephrol 2004, 15:2792-2800.
Morales E, Valero Ma, Leon M, Hernandez E, Praga M: Beneficial
effects of weight loss in overweight patients with chronic
proteinuric nephropathies. Am J Kidney Dis 2003, 41(2):319-27.
Izzedine H, Coupaye M, Reach I, Deray G: Gastric bypass and resolution of proteinuria in an obese diabetic patient. Diabetic
Medicine 2005, 22:1761-1762.
Agnani S, Vachharajani VT, Gupta R, Atray NK, Vachharajani TJ: Does
treating obesity stabilize chronic kidney disease? BMC Nephrology 2005, 6:7.
Soto FC, Higa-Sansone G, Copley JB, Berho M, Kennedy C, LoMenzo
E, Podkameni D, Szomstein S, Rosenthal RJ: Renal failure, glomerulonephritis and morbid obesity: improvement after rapid
weight loss following laparoscopic gastric bypass. Obesity Surgery 2005, 15:137-140.
Freedman ES: Role of critical visceral adipose tissue threshold
(CVATT) in metabolic syndrome: implications for controlling dietary carbohydrates: a review. Nutr Metab (Lond) 2004,
1(1):12.
Samaha FF, Iqbal N, Seshadri P, Chicano KL, Daily DA, Mcgrory J, Williams T, Williams M, Gracely EJ, Stern L: A low-carbohydrate as
compared with a low-fat diet in severe obesity. N Engl J Med
2003, 348:2074-81.
Foster GD, Wyatt HR, Hill JO, McGuckin BG, Brill C, Mohammed BS,
Szapany PO, Rader DJ, Edman JS, Klein S: A randomized trial of
low-carbohydrate diet for obesity. N Engl J Med 2003,
348:2082-90.
Brehm BJ, Seeley RJ, Daniels SR, D'Alessio DA: A randomised trial
comparing a very low carbohydrate diet and calorierestricted low fat diet on body weight and cardiovascular risk
factors in healthy women. J Clin Endocrinol Metab 2003,
88:1617-1623.
Sondike SB, Copperman N, Jacobson MS: Effects of a low-carbohydrate diet on weight loss and cardiovascular risk factors in
overweight adolescents. J Pediatr 2003, 142:253-8.
Yancy WS, Olsen MK, Guyton JR, Bakst RP, Westman EC: A lowcarbohydrate ketogenic diet versus a low-fat diet to treat
obesity and hyperlipidemia. Ann Int Med 2004, 140:769-777.
Boden G, Sargrad K, Homko C, Mozzoli M, Stein TP: Effects of a
low-carbohydrate diet on appetite, blood glucose levels, and
insulin resistance in obese patients with type 2 diabetes. Ann
Intern Med 2005, 142:403-411.
Klahr S, Levey AS, Beck GJ, Caggiula AW, Hunsicker L, Kusek JW,
Striker G, The Modification of Diet in Renal Disease Study Group:
The effects of dietary protein restriction and blood-pressure
control on the progression of glomerular renal disease. N
Engl J Med 1994, 330:877-884.

Page 4 of 5
(page number not for citation purposes)

Nutrition & Metabolism 2006, 3:23

24.

25.

http://www.nutritionandmetabolism.com/content/3/1/23

Meloni C, Morosetti M, Suraci C, Pennafina MG, Tozzo C, TacconeGallucci M, Casciani CU: Severe dietary protein restriction in
overt diabetic nephropathy: benefits or risks? J Ren Nutr 2002,
12(2):96-101.
Greenwood CE, Hebblethwaite S, Kaplan RJ, Jenkins DJA: Carbohydrate-induced memory impairment in adults with type 2 diabetes. Diabetes Care 2003, 26(7):1961-1966.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 5 of 5
(page number not for citation purposes)

