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Abstract

:

The management of hyperparathyroidism (intact parathyroid hormone (iPTH) serum levels > 585 pg/mL), frequently focuses on the appropriate control of mineral and bone markers, with the decrease in serum and dietary phosphorus as two of the targets. We aimed to investigate the association between iPTH, serum phosphorus levels and dietary intake. This was a cross-sectional, multicenter, observational study with 561 patients on hemodialysis treatment. Clinical parameters, body composition and dietary intake were assessed. For the analysis, patients were divided into three groups: (a) iPTH < 130, (b) iPTH between 130 and 585 and (c) iPTH > 585 pg/mL. The association between PTH, serum phosphorus and dietary intake was analyzed using linear regression models. In the whole sample, 23.2% of patients presented an iPTH > 585 pg/mL. Patients with higher iPTH levels were those with longer HD vintage and lower ages, higher serum phosphorus, serum calcium, Ca/P product, albumin and caffeine intake, and a lower dietary intake of phosphorus, fiber, riboflavin and folate. Higher serum phosphorus predicted higher iPTH levels, even in the adjusted model. However, lower dietary phosphorus and fiber intake were predictors of higher iPTH levels, including in the adjusted model. Our results bring new data to the relationship between dietary intake and iPTH values. Despite higher serum phosphorus being observed in patients with HPTH, an opposite association was noted regarding dietary phosphate and fiber.
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1. Introduction


Hyperparathyroidism (HPTH) is a common complication in patients undergoing maintenance hemodialysis (HD). Considering the Kidney Disease Improving Global Outcomes (KDIGO) targets, HPTH is present when intact parathyroid hormone (iPTH) serum levels are above 585 pg/mL (9 times normal) [1]. This pathology is caused by a disturbance in the mineral metabolism between calcium, phosphorus and vitamin D, and is consequently associated with clinical complications such as bone and mineral alterations, leading to osteodystrophy and cardiovascular abnormalities [2,3,4,5,6]. Higher levels of iPTH have been shown to increase calcification and thrombotic events, leading to a reduced health-related quality of life and increased mortality risk among patients with chronic kidney disease (CKD) [7,8]. From the nutritional status point of view, HPTH is associated with anorexia, increased protein catabolism and hyperlipidemia [9,10]. An early and appropriate management of mineral and bone markers is the most important intervention [11]. In addition to pharmacological treatment, it is important to frequently review serum phosphorus and calcium levels, as well as serum iPTH, to maintain them in line with the recommended KDIGO targets [1].



Although there is little evidence on the relationship between iPTH levels and nutritional status, some recent research suggests that high iPTH serum levels may lead to a poorer nutritional status in HD patients [9,12,13,14]. Protein-energy wasting (PEW) is a common complication (with a prevalence between 30 and 50%) that also affects morbidity and mortality in patients undergoing HD [15,16,17,18,19]. Its causes are multifactorial [20], as low energy and protein intake, dietary restrictions, dialysis-induced nutrient losses, increased inflammation and a loss of appetite can lead to this condition in HD patients [17,18,19,20,21]. Clinical and experimental data suggest that HPTH may increase resting energy expenditure (REE) and consequently lead to PEW and muscle wasting [9]. Ribeiro et al. found that a decreased appetite in patients with HPTH was associated with poorer nutritional status [10]. This finding may be explained by the fact that iPTH is a uremic hormone and leads to a loss of appetite and anorexia [13]. In addition, an epidemiological study supports HPTH as a cause of wasting and found a 12-month weight loss associated with HPTH levels [13].



However, there is no consensus on the relationship between weight loss and energy intake in HPTH patients, as there are studies that have found no statistical differences regarding energy intake when comparing between patients with HPTH and a control group [15,22,23]. Moreover, some data may link HPTH and nutritional impairment, since a few studies have shown that nutritional markers tend to be optimized in patients after parathyroidectomy [9,24,25].



Despite evidence on the relationship between iPTH levels and nutritional status being scarce, intervention frequently focuses on the appropriate management of mineral and bone markers, with the decrease in serum and dietary phosphorus being two of the targets. Therefore, this study aimed to investigate the association between iPTH, serum phosphorus levels and dietary intake.




2. Results


Of the whole sample (n = 561), 58.8% were men and 31.6% presented diabetes mellitus. The patients’ mean age was 68 ± 14 years, their median HD vintage was 65 (IQR: 43–106) months and their mean iPTH was 445 ± 388 pg/mL.



The patients were divided into three groups depending on their iPTH levels:




	
iPTH < 130 pg/mL—13.9% (n = 81);



	
iPTH between 130–585 pg/mL—59.3% (n = 345);



	
iPTH >585 pg/mL—23.2% (n = 135).








The prevalence of patients with prescribed phosphate binders was 49.4% in the group with iPTH < 130 pg/mL; 43.5% in the group with iPTH between 130 and 585 pg/mL; and 54.1% in the group with iPTH > 585 pg/mL.



The differences observed between the three groups of patients regarding their clinical parameters, body composition and dietary intake are presented in Table 1.



No statistically significant differences were observed between the other vitamins analyzed (vitamin A, other B vitamins, vitamin C, D, E, K).



We observed a positive correlation between iPTH and serum calcium, serum phosphorus, calcium–phosphorus product and caffeine intake, and a negative correlation with age and intakes of calcium, phosphorus, fiber, folate and riboflavin. These results are presented in Table 2.



The linear regression models, adjusted for the variables of interest, showed that higher serum phosphorus levels predicted higher iPTH levels (Table 3). On the other hand, higher dietary intakes of phosphorus and fiber predicted lower iPTH levels (Table 4).




3. Discussion


In this multicenter, cross-sectional study, we observed a clear relationship between iPTH and serum phosphorus, dietary phosphorus and fiber intake in a multivariate model adjusted for potential confounders. Our data revealed that patients with HPTH presented a higher HD vintage of 73 (47–119) months and were younger (64 ± 15 years), facts that have already been observed by other authors [22,26].



Considering KDIGO targets [1], the prevalence of patients with HPTH in our sample was 23.2%. Other authors have reported higher prevalences when using different upper limits as their reference for HPTH. Lau et al. found that >80% of patients exhibited a serum iPTH > 150 pg/mL [27], whereas dialysis units reported 62% of patients had secondary HPTH (≥600 pg/mL) in 2014 [28].



It is well known that iPTH contributes to bone remodeling; therefore, altered levels can contribute to osteodystrophy. This association between HPTH and increased serum calcium and phosphorus levels is well documented, as altered iPTH levels are a consequence of renal function loss. When renal function decreases, phosphorus and uremic toxins accumulate in the blood. Consequently, phosphate retention stimulates the synthesis and release of phosphaturic hormones, including iPTH and FGF-23. Moreover, the increase in iPTH leads to a higher bone turnover which, in turn, increases phosphorus release from the bones, contributing to hyperphosphatemia [29]. However, there is still little evidence regarding HPTH and its related dietary factors.



Regarding the relationship between iPTH and diet, it is known that food intake interrupts its secretion, causing the pattern of iPTH release to change from continuous to intermittent, exerting a net bone anabolic activity [30]. On the other hand, starvation leads to hypocalcemia, which in turn leads to the continuous production of iPTH, which stimulates bone resorption, causing calcium release [31]. Despite the existing studies establishing the relationship between HPTH, a deterioration of the nutritional status [14] and anorexia [10,13], which leads to a reduced energy intake and weight loss, we did not observe any statistically significant differences regarding energy intake or body composition among the three groups of patients.



The habitual aim of the nutrition therapy in HPTH is to adjust food intake to maintain phosphorus levels within the target values. However, our data revealed that patients with HPTH were those with the lowest phosphorus intake, despite their higher serum phosphorus levels. Furthermore, our data showed that higher dietary phosphorus intake predicted lower iPTH levels, including in the model adjusted for potential confounders. On the one hand, phosphate metabolism and its reabsorption by the kidney is regulated via an interaction between the kidney, bone and gut, controlled by a cross-regulating endocrine network comprising iPTH, vitamin D, FGF-23 and Klotho protein. On the other hand, the bioavailability and absorption of dietary phosphorus varies depending on its food sources, which we did not differentiate between in the present study; it is well known that the phosphorus present in animal foods is much more easily absorbed compared to phosphorus from plant sources [32]. Furthermore, phosphate per se acts as a prebiotic that influences the growth of microbes [33,34,35], consequently, the reduction in dietary phosphate absorption and phosphate binders may also alter the gut microbiota [34]. In summary, nutritional intervention in patients with HPTH and hyperphosphatemia should not focus on restricting phosphorus intake but instead on choosing the most adequate food options, taking phosphorus bioavailability into account.



It has been described that CKD alters the gut microbiota, contributing to an increase in indoles and phenols, which are transformed, leading to the production of indoxyl sulfate and p-cresyl sulfate, respectively, which are associated, among other factors, with mineral and bone disorders in CKD patients. As these molecules are mainly protein-bound, the HD treatment itself does not eliminate them effectively [35]. Despite that, the fiber intake was below the recommended value (25–30 g/day) [36] in all groups, and those with HPTH presented the lowest intakes, of 17.5 g/day. In fact, higher dietary fiber intake predicted lower iPTH levels. There are several healthy food choices such as whole grains and pulses that are rich in fiber and also in phosphorus. As already mentioned, one of the aims of nutrition therapy in HPTH when high phosphorus levels are present is to adjust the dietary phosphorus intake, but high-fiber foods from plant sources should not be restricted despite their higher phosphorus content. The consumption of these foods contributes to an increased daily fiber intake, playing an important role in the microbiota balance. Furthermore, phosphorus bioavailability from vegetable sources is lower, so the impact of these foods on serum phosphorus will also be low [37]. Nonetheless, dietary fiber is the key substrate for the microbial growth of bacteria living in the gut [38]. Therefore, individualized approaches, through dietary modifications promoting the symbiotic status of the gut microbiota in CKD, mainly by increasing fiber intake and the impact on mineral and bone disorders, should be analyzed in future studies.



To the best of our knowledge, this is the first study analyzing the relationship between iPTH and complex B vitamins’ intake in HD patients. We observed that the lowest riboflavin and folate consumptions were registered in those patients with iPTH levels > 585 pg/mL, which could be related to the lower fiber intake also observed in this group of patients, as some of the food groups rich in fiber also present increased amounts of vitamins, such as fruits, vegetables and pulses. However, the dietary reference intake (DRI) for folate of 400 mcg/day [39] was not achieved in any of the groups. The same was not observed for riboflavin, as all the groups achieved the DRI of 1.3 mg/day for men and 1.1 mg/day for women [39].



Little evidence exists on the impact of high coffee intake (around 300 mg of caffeine) on low bone mineral density [40,41,42], especially when low intakes of calcium occur, as caffeine induces calcium release from the bone [43]. Our study revealed that patients with the highest intakes of caffeine (79 mg/day) were those in the group of patients with higher levels of iPTH (>585 pg/mL). Lu et al. speculated that caffeine might affect bone quality through the modulation of iPTH secretion, by eventually suppressing it [44]. However, this iPTH suppression effect was observed only with high caffeine serum concentrations (50 μM). Considering that the results obtained in the three groups showed a low mean caffeine intake, we believe that we did not observe the same association, as the doses of caffeine consumed observed in our study were far from the values that may be implicated in CKD-MBD.



The elevated number of participants enrolled, and the fact that 37 dialysis units around the country were included, as well as our new insights on dietary intake and its relationship with iPTH levels, are the clear strengths of this study. In terms of limitations, we point out the cross-sectional design and the fact that the data about dietary intake were obtained through retrospective questionnaires, where answers depend on the precision of patients’ recollections, as well as the lack of differentiation between different sources of dietary phosphorus.




4. Materials and Methods


4.1. Study Design and Setting


This cross-sectional, multicenter, observational study was conducted on 561 patients receiving HD treatment at thirty-seven dialysis centers located in Portugal.




4.2. Sample Size


Of the 4600 patients receiving in-center HD, 561 patients were eligible; patients meeting the inclusion criteria were randomly selected equally from each dialysis center.




4.3. Inclusion and Exclusion Criteria


Inclusion criteria for participation in this study were: age ≥ 18 years, four hour in-center dialysis treatment 3 times a week for ≥15 months (with an online hemodiafiltration technique), agreement to participate and the signing an informed consent. In most of the studies including HD subjects, a dialysis vintage of 3 months is defined. As the Food Frequency Questionnaire (FFQ) reports eating habits from the 12 months before its application, we considered a minimum dialysis vintage of 15 months.



All patients were dialyzed with high-flux membranes (Helixone®, Fresenius® Medical Care, Bad Homburg, Germany) and ultrapure water in accordance with the criteria of ISO regulation 13,959:2009—water for hemodialysis and related therapies. Furthermore, participants had an initial nutrition consultation when they started HD treatment, where they received nutritional recommendations according to the current guidelines. Patients were not selected if they presented a poor understanding of the Portuguese language, severe neurological or mental disorders, active neoplasic disease, major amputations (lower/upper extremities), enteral or parenteral feeding, severe alcohol or drug addiction, hepatitis C with viral replication, liver disease, or if they were taking immunosuppressive or corticoid medication.




4.4. Data Analysis


Demographic, biochemical (including iPTH), anthropometric, dialysis treatment data and the etiology of the CKD were obtained from the dialysis unit database in the same month as the face-to-face interviews, at the beginning of the study. The blood collected for biochemical analysis was taken before the mid-week HD treatment. All blood tests were analyzed using identical methods in different external laboratories. Prescribed phosphate binders were also registered and those included calcium carbonate, sevelamer carbonate, sucroferric oxyhydroxide and calcium acetate/magnesium carbonate.




4.5. Body Composition


Body composition assessment was carried out on the 561 eligible patients and included the lean tissue index (Kg/m2) (LTI), fat tissue index (Kg/m2) (FTI), body cell mass (Kg) (BCM), % relative overhydration/extracellular water measured pre-dialysis, total body water (L) (TBW), extracellular water (L) (ECW) and intracellular water (L) (ICW). These parameters were analyzed via bioimpedance spectroscopy with a Body Composition Monitor® (BCM) (Fresenius Medical Care Deutschland GmbH, Bad Homburg, Germany). The BCM takes measurements at 50 frequencies in a range of 5–1000 KHz. Measurements were collected approximately 30 min before the midweek HD session, using 4 conventional electrodes for each patient (two on the hand and two on the foot, contralateral to the vascular access). For the assessment, patients were lying in the supine position. Two advanced physiological models are used in the BCM to obtain clinically relevant parameters:




	
A volume model that describes the electrical conductance in a cell suspension, allowing for the calculation of the TBW, ECW and ICW [45];



	
A body composition model that divides body mass into 3 compartments: overhydration, lean tissue, and adipose tissue [46].








All parameters were validated against the gold standard reference methods used in several studies with more than 500 patients and healthy controls. The measurements presented a quality index greater than 95%.




4.6. Food Frequency Questionnaire (FFQ)


Dietary assessment was performed by a trained dietitian with a semi-quantitative FFQ in a face-to-face interview during HD treatment. This tool was developed and has already been validated for the Portuguese population [47,48]. It presents 95 food items, 9 categories of frequencies (from “never or less than once a month” to “six or more times a day”), and a section with predetermined average portions. A visual aid was provided to patients through an illustrated book with 131 pictures of the servings. The frequency of intake and average servings of each food were registered considering the patients’ diet over the past 12 months.



To estimate food consumption, the reported frequency of each food was multiplied by its respective portion (in grams) and, in some foods consumed at specific times of the year, by a seasonal variation factor. This questionnaire provides information on the average daily amount of macro and micronutrients that patients consume. The conversion of the different food items into nutrients was performed using the Food Processor Plus software (ESHA Research, Salem, Oregon, version 11.6), which contained nutritional data from the United States Department of Agriculture and then adapted it to traditional Portuguese food. The data on Portuguese food nutrients were added to the original database using the Portuguese food composition table [49]. During data analysis, foods with an average consumption ≤5 g/day were excluded.




4.7. Statistical Analysis


For the analysis, continuous variables were presented as mean  ± standard deviation (SD) or as median and interquartile ranges (IQR), and categorical variables were presented as a frequency (percentages). The distribution of the data was tested with a Kolmogorov–Smirnov test.



For the analysis, eligible patients were divided into 3 groups, depending on their iPTH levels: (a) iPTH < 130, (b) iPTH between 130 and 585 and (c) iPTH > 585 pg/mL [1].



A Spearman correlation was used to analyze the correlation between iPTH and the variables of interest. Mean differences were assessed with a one-way ANOVA for normally distributed variables and with the Kruskal–Wallis test for variables that were not normally distributed. The Chi-square test was used to analyze phosphate binder prescriptions across the 3 groups of patients.



The multiple linear regression model that included iPTH as the dependent variable and serum phosphorus was adjusted for age, gender, energy intake, dietary phosphorus intake, dialysis adequacy (Kt/V) and dialysis vintage, whereas the multiple linear regression model that included iPTH as the dependent variable and dietary phosphorus intake was adjusted for age, gender, serum phosphorus, dialysis adequacy (Kt/V), dialysis vintage and phosphate binders.



Statistical analysis was run using the IBM SPSS software (version 28.0; IBM SPSS, Inc., Chicago, IL, USA) and a p-value < 0.05 was considered statistically significant.





5. Conclusions


Our results bring new data to the relationship between dietary intake and iPTH values. A clear association relationship between iPTH, serum phosphorus, dietary phosphorus and fiber consumption was observed in this study. Despite higher serum phosphorus being observed in patients with HPTH, an opposite association was noted regarding dietary phosphate and fiber, as lower intakes of these predicted higher iPTH values. Moreover, a poorer dietary intake, considering riboflavin and folate, was observed in the HPTH group.



In summary, nutritional intervention in patients with HPTH and hyperphosphatemia should not focus on restricting dietary phosphorus from all food sources but rather on choosing the most adequate food options considering the bioavailability of phosphorus, therefore avoiding the phosphate additives that are often present in processed foods and fast food.



It is crucial to have an individualized nutritional approach that prioritizes fiber intake to promote the symbiotic status of the gut microbiota in these patients, as this could contribute to attenuate their bone mineral disease.
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Table 1. Differences between iPTH groups.






Table 1. Differences between iPTH groups.





	Parameter
	iPTH < 130 pg/mL
	iPTH 130–585 pg/mL
	iPTH > 585 pg/mL
	p





	Age (years)
	68 ± 14
	69 ± 13 β
	64 ± 15 β
	0.002



	HD vintage (months)
	62 (41–105)
	62 (42–101) β
	73 (47–119) β
	0.021



	Kt/V
	1.8 (1.5–1.9)
	1.7 (1.5–1.9)
	1.7 (1.4–2.0)
	0.985



	Dry weight (kg)
	67.0 (59.5–77.9)
	69.5 (61.5–78.2)
	70.0 (61–81.5)
	0.325



	Serum phosphorus (mg/dL)
	4.2 ± 1.4
	4.2 ± 1.1 β
	4.6 ± 1.0 β
	0.005



	Serum calcium (mg/dL)
	8.9 ± 1.0
	8.9 ± 0.6 β
	9.1 ± 0.8 β
	0.027



	Calcium–phosphorus product
	37.8 ± 15.2 β
	37.6 ± 10.7 ¥
	42.0 ± 10.5 β¥
	<0.001



	Potassium (mEq/L)
	5.3 ± 0.7
	5.3 ± 0.7
	5.3 ± 0.6
	0.760



	Albumin (g/dL)
	4.0 (3.8–4.2) β
	4.0 (3.8–4.2) ¥
	4.1 (4.0–4.3) β¥
	0.016



	C-reactive protein (mg/L)
	10.9 ± 14.5
	9.8 ± 12.6
	12.8 ± 18.7
	0.662



	Body mass index (kg/m2)
	24.9 (22.1–28.3)
	25.8 (22.8–29.4)
	26.0 (22.6–29.1)
	0.747



	Lean tissue index (kg/m2)
	12.3 (10.5–14.4)
	12.1 (10.7–13.6)
	12.9 (10.9–14.7)
	0.090



	Fat tissue index (kg/m2)
	12.0 (9.4–15.6)
	13.7 (9.7–17.6)
	12.9 (9.0–16.5)
	0.250



	Energy intake (kcal)
	1896 (1395–2341)
	1829 (1482–2361)
	1722 (1390–2173)
	0.125



	Protein intake (g/day)
	75.4 (60.8–102.7)
	76.7 (61.1–99.9)
	72.9 (52.8–93.0)
	0.103



	Carbohydrate intake (g/day)
	235 (172–317)
	247 (191–300)
	224 (172–278)
	0.073



	Fat intake (g/day)
	57.9 (43.5–79.8)
	57.7 (44.5–77.6)
	54.9 (43.8–75.1)
	0.516



	Dietary fiber intake (g/day)
	20.1 (13.9–27.6)
	20.0 (14.4–26.6) β
	17.5 (14.7–22.1) β
	0.047



	Calcium intake (mg/day)
	687 (498–911)
	680 (460–938)
	615 (447–860)
	0.119



	Phosphorus intake (mg/day)
	1089 (821–1387)
	1093 (833–1414) β
	986 (756–1286) β
	0.044



	Potassium intake (mg/day)
	2453 (1786–3156)
	2378 (1814–2967)
	2215 (1758–2651)
	0.077



	Riboflavin (mg/day)
	1.7 (1.3–2.0)
	1.7 (1.3–2.1) β
	1.5 (1.1–2.0) β
	0.031



	Folate (mcg/day)
	220 (157–304) ¥
	210 (160–279) β
	192 (149–236) β¥
	0.011



	Caffeine (mg/day)
	56 (15–81) ¥
	45 (20–81) β
	79 (32–86) β¥
	0.009







HD, hemodialysis; Kt/V, dialysis adequacy; β and ¥, groups with statistically significant differences established through Bonferroni post hoc tests. Bold numbers highlight statistical significance.













 





Table 2. Spearman correlations between iPTH and parameters of interest.
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	r
	p





	Age (years)
	−0.145
	<0.001



	Serum calcium (mg/dL)
	0.114
	0.007



	Serum phosphorus (mg/dL)
	0.141
	<0.001



	Calcium–phosph