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Chronic kidney disease (CKD) is a world-wide phenomenon with an increasing inci-
dence and prevalence. In 2017, the global prevalence of CKD was 9.1%, which corresponds
to roughly 700 million cases [1]. CKD is much more than one or more lab values diverging
from the normal range. Compared with other risk factors, reduced glomerular filtration
rate (GFR)—a key feature of CKD—is an independent risk factor for cardiovascular dis-
ease and overall mortality: A large population-based registry analysis clearly indicated
the presence of an independent, graded association between a reduced estimated GFR
and the risk of death, cardiovascular events, and hospitalization [2]. CKD was the 12th
leading cause of death globally in 2017, representing an increase from 17th place in 1990.
Predictions have suggested that CKD will become the fifth highest cause of death globally
by 2040 [3]. Notably, these numbers are most likely underestimated due to missing system-
atic population-wide screening programs for CKD. Common diseases often related to a
Western life style, such as the epidemic occurrence of arterial hypertension and diabetes
mellitus, are among the driving forces behind CKD development and progression. Hence,
it appears unlikely that the number of people with overt or hidden CKD will diminish in
the upcoming decades.

The basic roles of the kidneys are maintaining body homeostasis by the regulation of
water and electrolyte balance. However, its physiological functions reach far beyond that,
and include the synthesis of relevant enzymatic and hormonal factors and regulation of
the degradation and excretion of metabolic end-products as well. CKD is a state that can
involve either an excess or deficiency of certain substances or physiological processes in
the body, resulting in an imbalance that profoundly disturbs homeostasis. In CKD, one
side of the coin is a state of noxious excess, a “too much” of something. This is especially
notable with respect to substances with decreased clearance, and thus renal retention,
e.g., uremic toxins, water, electrolytes, creatinine levels and others. Higher-than-normal
concentrations of certain substances might fuel a cascade of adaptive systemic processes in
certain metabolic or endocrine pathways in order to maintain homeostasis as long as possi-
ble despite declining renal function. Phosphate retention and the consecutive disorders
in the FGF23-PTH-bone axis serve as prominent examples for such a link between renal
retention and the consequent profound systemic multi-organ consequences [4]. Further,
CKD represents a state of chronic overactive sympathetic nervous system, which has many
negative effects on the body, including arterial hypertension, insulin resistance and further
damage to the kidneys [5]. On the other hand, CKD is characterized by various states of
deficiency and insufficiency as well as critical shortages. There are at least four basic mech-
anisms responsible for inducing shortages or an undersupply caused by CKD: (I) Excess
renal loss of plasma components such as proteins by glomerular filtration barrier leak-
age, which can eventually lead to hypoalbuminemia, loss of antithrombotic proteins and
hypogammaglobulinemia (the so-called nephrotic syndrome) [6]. The Fanconi-syndrome
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is another example of excess renal loss leading to systemic deficiencies. (II) Reduced
hormonal activities: In CKD, the kidneys gradually lose their ability to produce erythropoi-
etin, leading to a decrease in red blood cell production and, consequently, anemia [7]. (III)
Malnutrition, dietary deficiencies and/or gastrointestinal malabsorption are also relevant
comorbidities of CKD [8]. (IV) The increased expression of certain factors and hormones
in CKD, which in turn can suppress other physiological processes. As an example, FGF23
serum levels become elevated in CKD to increase the excretion of phosphate, but also
reduce the activity of renal 1,25-dihydroxylase (CYP27B1), which can lead to a deficiency
in active vitamin D and hypocalcemia [9]. Many CKD-related diseases, such as chronic
kidney disease–mineral and bone disorder (CKD-MBD) or renal anemia, share several
or all four of the above-mentioned pathophysiological mechanisms. This underlines the
complexity of renal pathophysiology and CKD-related disorders. In the care of patients
with CKD, efforts to therapeutically replenish deficiencies are routine in daily clinical prac-
tice. Notably, it is often insufficient to simply aim at the restoration of physiological levels
or concentrations when referring to the treatment of CKD-associated deficiencies. Again,
CKD-MBD and renal anemia are instructive examples. Native vitamin D deficiency is
highly prevalent in CKD and is among the driving forces of hyperparathyroidism [10]. Trial
data have clearly shown that an augmentation of vitamin D levels higher than generally
accepted as “sufficient” is necessary (i.e., >50 ng/mL) in order to lower PTH levels in renal
hyperparathyroidism [11]. In contrast, 25-hydroxyvitamin D levels as low as 20 ng/mL
presumably meet the requirements in the vast majority of the general population [12].
A similar discrepancy is present in renal anemia: The iron metabolism target levels for
transferrin saturation and ferritin to which iron replenishment should lead in CKD patients
(in other words the level of sufficiency in CKD patients) are generally considered to be
much higher [13] than the cut-off levels, below which a state of iron deficiency is defined in
the general population [14,15]. Another example is the vitamin k deficiency in CKD, which
is common due to food restrictions, gut dysbiosis, and drugs. Moreover, experimental
work shows that CKD is associated with disturbances in transportation, tissue storage and
enzymatic activation of vitamin K [16]. Vitamin K deficiency has been associated with
accelerated vascular calcification. Recently, growing evidence has suggested that supra-
physiological administration of vitamin K1 could be a safe tool to prevent progression of
calcifications [16–18]. Hence, the guideline recommendations regarding nutritional intake
of certain substances or therapeutic replenishment strategies developed for the general
population must be carefully evaluated with respect to CKD patients. What might be
appropriate in the general population to avoid dietary or therapeutic undersupply and to
refill body storages to overcome deficiencies might be insufficient in the setting of CKD. In
summary, CKD requires a novel definition of optimal balance between “too much” and
“too little”.

Author Contributions: Conceptualization, V.M.B. and T.S., writing—original draft preparation,
V.M.B. and T.S.; writing—review and editing, V.M.B. and T.S. All authors have read and agreed to the
published version of the manuscript.

Funding: Saritas is supported by the Else-Kröner-Fresenius-Stiftung excellence scholarship (2022_EKES.03).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cockwell, P.; Fisher, L.-A. The global burden of chronic kidney disease. Lancet 2020, 395, 662–664. [CrossRef] [PubMed]
2. Go, A.S.; Chertow, G.M.; Fan, D.; McCulloch, C.E.; Hsu, C.Y. Chronic kidney disease and the risks of death, cardiovascular events,

and hospitalization. N. Engl. J. Med. 2004, 351, 1296–1305. [CrossRef] [PubMed]
3. Foreman, K.J.; Marquez, N.; Dolgert, A.; Fukutaki, K.; Fullman, N.; McGaughey, M.; Murray, C.J.; Chapin, A.; Holmberg, M.;

Heuton, K.R.; et al. Forecasting life expectancy, years of life lost, and all-cause and cause-specific mortality for 250 causes of death:
Reference and alternative scenarios for 2016-40 for 195 countries and territories. Lancet 2018, 392, 2052–2090. [CrossRef] [PubMed]

4. Moe, S.M.; Drüeke, T.; Lameire, N.; Eknoyan, G. Chronic kidney disease-mineral-bone disorder: A new paradigm. Adv. Chronic
Kidney Dis. 2007, 14, 3–12. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(19)32977-0
http://www.ncbi.nlm.nih.gov/pubmed/32061314
http://doi.org/10.1056/NEJMoa041031
http://www.ncbi.nlm.nih.gov/pubmed/15385656
http://doi.org/10.1016/S0140-6736(18)31694-5
http://www.ncbi.nlm.nih.gov/pubmed/30340847
http://doi.org/10.1053/j.ackd.2006.10.005
http://www.ncbi.nlm.nih.gov/pubmed/17200038


Nutrients 2023, 15, 1587 3 of 3

5. Neumann, J.; Ligtenberg, G.; Klein, I.I.; Koomans, H.A.; Blankestijn, P.J. Sympathetic hyperactivity in chronic kidney disease:
Pathogenesis, clinical relevance, and treatment. Kidney Int. 2004, 65, 1568–1576. [CrossRef] [PubMed]

6. Orth, S.R.; Ritz, E. The nephrotic syndrome. N. Engl. J. Med. 1998, 338, 1202–1211. [CrossRef] [PubMed]
7. Astor, B.C.; Muntner, P.; Levin, A.; Eustace, J.A.; Coresh, J. Association of kidney function with anemia: The Third National

Health and Nutrition Examination Survey (1988–1994). Arch. Intern. Med. 2002, 162, 1401–1408. [CrossRef] [PubMed]
8. Graterol Torres, F.; Molina, M.; Soler-Majoral, J.; Romero-González, G.; Rodríguez Chitiva, N.; Troya-Saborido, M.; Socias Rullan,

G.; Burgos, E.; Paúl Martínez, J.; Urrutia Jou, M.; et al. Evolving Concepts on Inflammatory Biomarkers and Malnutrition in
Chronic Kidney Disease. Nutrients 2022, 14, 4297. [CrossRef] [PubMed]

9. Tsuchiya, K.; Akihisa, T. The Importance of Phosphate Control in Chronic Kidney Disease. Nutrients 2021, 13, 1670. [CrossRef]
[PubMed]

10. Brandenburg, V.; Ketteler, M. Vitamin D and Secondary Hyperparathyroidism in Chronic Kidney Disease: A Critical Appraisal of
the Past, Present, and the Future. Nutrients 2022, 14, 3009. [CrossRef] [PubMed]

11. Strugnell, S.A.; Sprague, S.M.; Ashfaq, A.; Petkovich, M.; Bishop, C.W. Rationale for Raising Current Clinical Practice Guideline
Target for Serum 25-Hydroxyvitamin D in Chronic Kidney Disease. Am. J. Nephrol. 2019, 49, 284–293. [CrossRef] [PubMed]

12. Ross, A.C.; Manson, J.E.; Abrams, S.A.; Aloia, J.F.; Brannon, P.M.; Clinton, S.K.; Durazo-Arvizu, R.A.; Gallagher, J.C.; Gallo, R.L.;
Jones, G.; et al. The 2011 report on dietary reference intakes for calcium and vitamin D from the Institute of Medicine: What
clinicians need to know. J. Clin. Endocrinol. Metab. 2011, 96, 53–58. [CrossRef] [PubMed]

13. Babitt, J.L.; Eisenga, M.F.; Haase, V.H.; Kshirsagar, A.V.; Levin, A.; Locatelli, F.; Małyszko, J.; Swinkels, D.W.; Tarng, D.C.; Cheung,
M.; et al. Conference Participants. Controversies in optimal anemia management: Conclusions from a Kidney Disease: Improving
Global Outcomes (KDIGO) Conference. Kidney Int. 2021, 99, 1280–1295. [CrossRef] [PubMed]

14. Rohr, M.; Brandenburg, V.; Brunner-La Rocca, H.P. How to diagnose iron deficiency in chronic disease: A review of current
methods and potential marker for the outcome. Eur. J. Med. Res. 2023, 28, 15. [CrossRef] [PubMed]

15. Camaschella, C. Iron-deficiency anemia. N. Engl. J. Med. 2015, 372, 1832–1843. [CrossRef] [PubMed]
16. Kaesler, N.; Schreibing, F.; Speer, T.; Puente-Secades, S.; Rapp, N.; Drechsler, C.; Kabgani, N.; Kuppe, C.; Boor, P.; Jankowski, V.;

et al. Altered vitamin K biodistribution and metabolism in experimental and human chronic kidney disease. Kidney Int. 2022, 101,
338–348. [CrossRef] [PubMed]

17. Bellinge, J.W.; Francis, R.J.; Lee, S.C.; Bondonno, N.P.; Sim, M.; Lewis, J.R.; Watts, G.F.; Schultz, C.J. The effect of vitamin
K1 on arterial calcification activity in subjects with diabetes mellitus: A post hoc analysis of a double-blind, randomized,
placebo-controlled trial. Am. J. Clin. Nutr. 2022, 115, 45–52. [CrossRef] [PubMed]

18. Saritas, T.; Reinartz, S.; Krüger, T.; Ketteler, M.; Liangos, O.; Labriola, L.; Stenvinkel, P.; Kopp, C.; Westenfeld, R.; Evenepoel, P.;
et al. Vitamin K1 and progression of cardiovascular calcifications in hemodialysis patients: The VitaVasK randomized controlled
trial. Clin. Kidney J. 2022, 15, 2300–2311.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/j.1523-1755.2004.00552.x
http://www.ncbi.nlm.nih.gov/pubmed/15086894
http://doi.org/10.1056/NEJM199804233381707
http://www.ncbi.nlm.nih.gov/pubmed/9554862
http://doi.org/10.1001/archinte.162.12.1401
http://www.ncbi.nlm.nih.gov/pubmed/12076240
http://doi.org/10.3390/nu14204297
http://www.ncbi.nlm.nih.gov/pubmed/36296981
http://doi.org/10.3390/nu13051670
http://www.ncbi.nlm.nih.gov/pubmed/34069053
http://doi.org/10.3390/nu14153009
http://www.ncbi.nlm.nih.gov/pubmed/35893866
http://doi.org/10.1159/000499187
http://www.ncbi.nlm.nih.gov/pubmed/30878999
http://doi.org/10.1210/jc.2010-2704
http://www.ncbi.nlm.nih.gov/pubmed/21118827
http://doi.org/10.1016/j.kint.2021.03.020
http://www.ncbi.nlm.nih.gov/pubmed/33839163
http://doi.org/10.1186/s40001-022-00922-6
http://www.ncbi.nlm.nih.gov/pubmed/36617559
http://doi.org/10.1056/NEJMra1401038
http://www.ncbi.nlm.nih.gov/pubmed/25946282
http://doi.org/10.1016/j.kint.2021.10.029
http://www.ncbi.nlm.nih.gov/pubmed/34774554
http://doi.org/10.1093/ajcn/nqab306
http://www.ncbi.nlm.nih.gov/pubmed/34637494

	References

