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Abstract

Employees with diabetes and nephropathy need special medical surveillance that involves occupational medicine 
specialists. However, diabetes is not a unique phenotype and each patient need to be carefully assessed. Age, 
gender, body mass index, renal function impairment (eGFR, creatinine, urea, uric acid), indicators of diabetes 
control (fasting glycaemia and HbA1C), the presence of co-morbidities, dyslipidaemia, level of serum albumin 
and total protein, cytokines and other inflammatory markers should be considered in a comprehensive 
evaluation of the severity of the chronic kidney disease and of the treatment plan. Chronic kidney disease in 
type 2 diabetes has many facets and various degrees of severity; therefore, permanent communication between 
the occupational medicine specialist and the treating physician should be maintained. For this purpose, this 
article reviews the current pathological mechanisms proposed for the explanation of the chronic kidney disease, 
the diagnostic and the general therapeutic recommendations and also the possible occupational interventions 
in patients with type 2 diabetic nephropathy. 
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Introduction

The prevalence of diabetes in Romanian adult 
population is 11.6% and of the prediabetes is 16.5% 
[1]. The fact that 2.4% of the Romanian population 
has undiagnosed diabetes is of major interest for the 
occupational physician. The patient in this category 
will honestly declare not having diabetes on the 
occasion of periodical medical examination. According 
to the same study, the prevalence of impaired glucose 
regulation (diabetes and prediabetes) during the 
active life is 11.5% in men and 8.1% in women aged 
20-39 years and raises up to 35.5% in men and to 
29.4% in women of 40-59 years old. Due to this high 
prevalence, understanding the characteristics and 

the factors influencing the evolution of this disease 
becomes more and more important for the fitness 
for work assessments and the organisational support 
recommended by an occupational physician. With a 
comprehensive and integrated approach covering 
both social and medical interventions, a patient 
with diabetes should not develop complications 
that limit the ability to work. Unfortunately, the 
current situation is far from the optimal one and 
the complications are frequent. Acute complications, 
particularly hypoglycaemia, have direct effects on 
the fitness capacity and require special individual 
evaluation in jobs at risk of accidents or in activities 
needing permanent vigilance. 
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Pathogenic mechanisms of chronic 
kidney disease in type 2 diabetes

The microangiopathy, clinically expressed by 
its localization in the retina vessels, in glomeruli 
and vasa nervorum, is a result of the prolonged 
exposure to metabolic changes, oxidative stress 
and advanced glycated products formation. The 
endothelial dysfunction is illustrated by the high 
levels of endothelin, a strong pro-inflammatory and 
vasoconstrictor peptide [2] and by the lost of the 
capacity of autoregulation in the peripheral vessels. 
In what concerns the T2D nephropathy pathogenesis, 
the hyperfiltration is a critical, but potentially 
manageable element in the early stages of the disease, 
with the aid of the glycaemic control. 

Chronic hyperglycaemia is associated with a 
hyperosmolar status; it also increases the sodium 
reabsorption in proximal tubule that reduces the 
tubuloglomerular feedback, with vasodilatation of 
the afferent arteriole and decrease of the sodium 
delivery to the macula; this latter effect stimulates 
angiotensin II release that constricts the efferent 
arteriole. Both vasodilatation of the afferent arteriole 
and constriction of the efferent arteriole lead to 
hyperperfusion and hyperfiltration, alters the 
glomerular hemodynamics and causes mechanical 
strain on the glomerular endothelial and epithelial 
cells. Hemodynamic stress, high intraglomerular 
pressure and hyperglycaemia contribute to the release 
of angiotensin II, cytokines and growth factors (such 
as transforming growth factor-β, platelet-derived 
growth factor-β and vascular endothelial growth 
factor), that orchestrate the mesangial cell matrix 
expansion and the thickening of the glomerular basal 
membrane [3]. The high content of glucose alters 
the normal metabolism and leads to high levels of 
oxygen reactive species (ROS) formation, another 
key element in the vascular proliferation, fibrosis 
and chronic inflammation in the glomeruli and in 
the interstitium. ROS stimulate the non-enzymatic 
glycosylation and the advanced glycosylation 
products formation, activates the polyol and protein 
kinase C pathway (PKC) and angiotensin II. PKC 
stimulates transforming growth factor and vascular 
endothelial growth factor formation, aggravating the 
hemodynamic deleterious effects. 

These interlinked pathological mechanisms were 
initially described to cause glomerular lesions (the 
classical glomerulosclerosis, designated also as 
diabetes nephropathy). But fibrosis and inflammation 
is not restricted to the glomeruli: tubular atrophy and 

interstitium fibrosis, together with vascular disease 
apart from the glomeruli might occur. Therefore, the 
new concept of “diabetic chronic kidney disease” was 
proposed to replace the “diabetic nephropathy” [4]. 

In view of the novel concept of the kidney impact 
of diabetes, the patients could be divided according 
to the histological factors in patients with solely 
glomerular nephropathy (defined by the classical 
nodular or global glomerulosclerosis or “diabetic 
podocytopathy”) and patients with diabetic CKD 
with histological lesions that involved, beside the 
glomerules, the tubules, the interstitium and/or the 
vessels [5]. 

The contribution of environmental 
exposure to type 2 diabetes 
nephropathy

Concerning environmental and/or occupational 
exposure in the pathogeny of diabetes, several 
studies incriminated persistent organic pollutants 
(polychlorinated biphenyls, organochlorine pesticides, 
polyciclic aromatic hydrocarbons, phthalates etc) 
[6], metals (arsenic, cadmium) [7]. Therefore, with 
proper technical masures, all employees should avoid 
occupational contact with these substances. 

In patients already diagnosed with T2D, nephrotoxic 
substances (heavy metals, silica, organic solvents 
and carbon disulphide) contact should be also 
avoided. Oxidative stress (generation of ROS and 
reactive nitrogen species, lipid peroxidation and DNA 
oxidation) seem to be the main toxic effect of arsenic 
[8] or lead poisoning [9]. Tubular renal cells are the 
first to be affected in heavy metal chronic exposure, 
but glomeruli are not turned aside. For example, 
extensive glomerular fibrotic lesions were observed 
in experimental exposure to mercury [10].

Chronic exposure to heavy metals leads to Fanconi 
syndrome (aminoaciduria, glycosuria and loss of 
ions) [11]. Solvents damage the capillary basement 
membrane or the tubular epithelia initiating an 
autoimmune process. The direct injury to the 
tubes affects the reabsorption process and the 
urine concentration capacity. Exposure to printing 
inks, paints, lacquers, varnishes, cleaning agents, 
petroleum products and glues showed high hazard 
ratios for end stage renal disease [12]. 

Several early biomarkers for CKD were proposed 
for the occupational exposed subjects, but there 
is no consensus on which would be the best for 
screening. The presence in urine of the kidney 
injury molecule type 1, β2-microglobulin, N-acetyl-
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β-D-glucosamidase, cystatin C [13,14] or of the 
enzymes from the lysis of the tubular cells (lactate 
dehydrogenase, γ-glutamyltransferase and albumin) 
[15] are used for research purposes and are not 
routinely performed. 

Patients with T2D should avoid any exposure to 
kidney toxicants. Beside the cumulative effect, 
potentially additive mechanisms were described: 
glucose transporters (GLUT1, and GLUT5) in 
basolateral membrane of proximal renal tubules 
mediate the arsenic reuptake8. As the expression and 
the functionality of these transporters is increased 
in diabetes, the toxic effects of arsenic might be 
enhanced in T2D [16,17]. 

Clinical monitoring of type 2 diabetes 
patients with chronic kidney disease

It is estimated that 40% of the patients with diabetes 
will develop chronic renal disease (CKD) [18]. The 
significance of the health impact of diabetes is also 
illustrated by the fact that more than 45% of patients 
having renal transplant or dialysis have diabetes 
as underlying cause for the renal failure [19]. Due 
to the long asymptomatic period, there is a shorter 
duration between the clinical diagnosis and the overt 
renal disease in T2D. After the initial diagnosis of 
nephropathy, most patients reach the end stage renal 
disease after 5-7 years [20].

Although microalbuminuria was long time 
considered the first sign of diabetic nephropathy [21], 
recent data tends to highlight other early diabetic 
kidney signs: the decline in the erythropoietin 
synthesis [22], the abnormal vitamin D metabolism 
or of the renin angiotensin axis [23,24].

Current clinical diabetes guidelines recommend 
the measurement of the HbA1c every 3 months, the 
determination of albumin-to creatinine ratio (normal 
values <30 mg/g creatinine) in the urine spot and the 
estimated glomerular filtration rate (eGFR) at least 
once a year [25,26]. The same guidelines underline 
the variability of the albumin-to creatinine ratio with 
exercise, infection, congestive heart failure, marked 
hyperglycaemia and hypertension and the necessity 
to exclude these possible influencers. A recommended 
approach is the determination of the albumin-to 
creatinine ratio in 2-3 specimens of urine in 3-6 month 
interval to establish a diagnosis of albuminuria. 
Concerning eGFR, a value of less than 60 ml/
min/1.73m2 should be considered abnormal. Since 
diabetic nephropathy is a microvascular complication, 
retinopathy is frequently present, however, for the 

kidney disease it has been proven to less sensitive in 
T2D than in T1D [27]. Albuminuria and/or an active 
urinary sediment (a sediment containing red cells, 
leucocytes, cellular casts) is currently considered as 
marker of kidney damage (classified as stage 1 or 2 of 
CKD, depending on the eGFR) and should be referred 
to a kidney specialist for diagnostic and evaluation 
of the risk factors for progressive disease even if 
eGFR is ≥ 90 ml/min/1.73 m2. Risk factors for CKD 
progression are considered elevated blood pressure, 
glycaemia and albuminuria. 

Other tests included in the yearly T2D evaluation 
are the lipid profile, liver tests, vitamin B12 in 
metformin treated patients, serum potassium in 
patients treated with ACE inhibitors, angiotensin 
receptor II blockers and diuretics [26]. It is foreseen 
that one or several more subtle parameters for 
glomerular filtration (urine transferrin, fibronectin, 
laminin, ceruloplasmin), podocyte injury (nephrin, 
podocalyxin, podocin), glomerulo-endothelial 
injury (glycoaminoglycan), tubular reabsorption, 
(cubilin, megalin, β2microglobulin, α1 microglobulin, 
retinol binding protein, cystatin C), tubular 
integrity (urine alkaline phosphatase, N-acetyl-
glucosaminidase, alanin aminopeptidase, kidney 
injury molecule, type IV and type I collagen, matrix 
metalloproteinase 9), inflammation (PGE2 or PGF2α, 
TNFα, Interleukin 6, resistin, interleukin 1α, MCP-1 
among others), oxidative stress (8-oxo-7,8-dihydro-
2-deoxyguanosine), growth factors (transforming 
growth factor β1, vascular endothelial growth factor 
A, connective tissue growth factor) [24,28,29,30] will 
replace the current screening tests, as they are able to 
detect the kidney disease in earlier stages. Transferrin 
excretion is another candidate, as it was proven to 
proceed albuminuria in a larger cohort [31].

More recently, based on the characteristics that are 
generally available for screening (age, duration of 
diabetes, BMI, blood pressure, inflammatory markers, 
albumin, haemoglobin, and HbA1C) and the adding 
of a cytokine profile (monocyte chemoattractant 
protein-1, C-Chemokine ligand-18 and macrophage 
migration inhibitory factor), four phenotypes have 
been described: the cardiovascular phenotype (high 
blood pressure, high cholesterol); the microvascular 
complications with advanced diabetes related CKD 
one (the presence of retinopathy and a more advanced 
kidney disease); the advanced CKD with less anaemia, 
lower weight and HbA1c and the hypercholesteraemic, 
younger, less severe CKD [32].

This phenotypical approach is not a novelty by itself, 
but has not been so extensively applied in T2D as it 
has been for asthma, for example. The future better 
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characterization of T2D phenotypes might help to 
distinguish the lower from the higher risk patients for 
different occupational activities.

Type 2 diabetes with chronic kidney 
disease evaluation in occupational 
medicine  

As mentioned above the renal nitrogen excretion is 
not necessarily as low as to impose dialysis in CKD 
associated with T2D and definitely not incompatible 
with an adjusted occupational activity in all cases. 
Therefore, adults with T2D and nephropathy should 
be the subject of a comprehensive examination by the 
occupational medicine practitioner. 

High risk activities for accidents or consequences 
of an accident (working in possible contact with 
ionizing radiation, electromagnetic fields of 0-300 
Hz, working at height or in an environment with high 
temperature, drivers), special working conditions 
(in isolated locations, in night shifts), activities 
requiring high physical demand (firefighter, rescue 
team worker) and exposure to potential nephrotoxic 
substances, are specifically required by our legislation 
to pass a thoroughly evaluation for fitness capacity. 
This evaluation implies an assessment of the stability 
of the diabetes, the frequency of the hypoglycaemic 
episodes, but also offers the possibility to inform 
the employer to provide the needed support for the 
proper management of the disease: access to regular 
meals, organization of the work flow (allowing, for 
example, breaks for insulin administration) etc.

Exposure to persistent organic pollutants 
(polychlorinated biphenyls, organochlorine pesti-
cides, polycyclic aromatic hydrocarbons, phthalates 
etc) [6], heavy metals (arsenic, cadmium) [7] 
need  to be avoided as they have a potential role in 
the pathogeny of diabetes. With correct technical 
measures, all employees should avoid occupational 
contact with these substances, not only by those 
already diagnosed with T2D.

A special concern of the occupational physician 
refers to the safety of patients with T2D and and that 
of their co-workers in the presence of hypoglycemia. 
There is no test available to identify the time a patient 
spent at lower glycaemic levels in the last months, as 
we have the HbA1C for the hyperglycaemic state. At 
the workplace, recurrent episodes need a combined 
effort of the diabetes specialist and of the occupational 
physician to identify what types of treatment may 
mitigate the risk and if there is no need for job 
change [25]. Due to the inconclusive benefits on 

complications incidence and risks of adverse effects 
of more aggressive therapy, including hypoglycemia, 
the latest recommendation of the American College 
of Physicians is to increase the target for the HbA1C 
in T2D to 7-8% and to modify the pharmacological 
treatment if HbA1C is less than 6.5% [33]. Therefore, 
the occupational medicine specialist should discuss 
interpretation of the HbA1C with the treating 
physician.

In what concerns the work ability of the person 
with T2D, Weisman et al. [34] (have shown that the 
work characteristics and diabetes related factors 
almost equally contribute to the fatigue of the 
diabetic employee. In the regression model derived 
from the investigation of  292 persons with insulin 
dependent diabetes, 19.1% of the variance in fatigue 
was explained by work factors (lack of job support, 
the interaction between job demand and job control) 
and 29% was explained by the diabetes related 
factors (diabetes related symptoms, insulin regimen 
re-adjustment) [34]. If the diabetic employee allows 
disclosure of his medical condition, information on 
the management of this disease should be explained 
to the supervisor and to colleagues, to create the 
necessary support.

Given the complex interaction between work 
and diabetes, it is important to characterize the 
profile of the diabetic with nephropathy using the 
medical history, the clinical examination and the 
usual biological markers that are available to the 
occupational physician. Obesity, hypertension, 
anaemia, retinopathy and lack of diabetes control are 
more frequently found in the CKD nephropathy than 
in T2D without clinically manifest nephropathy.

Currently available biomarkers such as creatinine, 
urea, uric acid in serum, albumin/creatinine ratio in 
urine, eye fundus examination, should be performed 
at least annually or whenever decided by the 
occupational or by the treating physician. HbA1C 
should be measured every 3 months. The American 
Diabetes Association also recommends the following 
vaccines to be administered annually: influenza, 
23-valent pneumococcal polysaccharide vaccine for 
persons ≤ 64 years, and 3 dose series of hepatitis B 
vaccines for persons with ages of 19-59 years. This 
recommendation is, however, supported by evidence 
from poorly controlled or uncontrolled studies [26].

Conclusion 

Consequentially, a comprehensive investigation 
and close collaboration with the treating physician 
is required for each particular case. As there is 
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evidence that reduction in blood pressure prevents 
kidney deterioration, attention should be focused on 
the reduction of blood pressure threshold to less than 
140/90 mmHg, according to the patient’s tolerance 
and the adherence to the renin-angiotensin blockade 
[35].  From the medical perspective, maintaining 
the therapeutic targets (blood pressure, albuminuria 
reduction, eGFR maintenance), prevention of 
complications and safety at work are the most 
important goals.

Detaille et al. [36] have explored the T2D patient’s 
perspective and found that the most important needs 
were the acceptance of the disease and the ability 
to cope with it in the working environment. In this 
respect, finding proper disease management at work, 
including work adaptation and communication with 
managers and colleagues was emphasized. Patients 
also underlined their wish to receive sufficient 
information (including the financial implications of 
the treatment) and to have health professionals that 
can deal with the complications of T2D inside the 
company.

As part of the therapeutic team and in the current 
context of the increase in the prevalence of the T2D, 
the occupational physician has the difficult task to 
find solutions for the best support for these patients 
in the workplace. There are few guidelines available 
and maybe a local one, adapted to the Romanian 
working conditions and culture, should be of benefit 
for employees, employers and for the entire medical 
team. To substantiate an evidence-based guideline, in 
depth research of diabetes nephropathy phenotypes 
and finding reliable and affordable biomarkers are 
needed.
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