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 Abstract   

Published on:  To investigate "up-to-date" and "age-appropriate" indicators of 

preschool vaccination status and their implications for vaccination policy. The 

authors analyzed medical records data from the Baltimore Immunization 

Study for 525 2-year-olds born from August 1988 through March 1989 to 

mothers living in low-income Census tracts of the city of Baltimore.While 

only 54% of 24-month-old children were up-to-date for the primary series, 

indicators of up-to-date coverage were consistently higher, by 37 or more 

percentage points, than corresponding age-appropriate indicators. Almost 80% 

of children who failed to receive the first dose of DTP or OPV age-

appropriately failed to be up-to-date by 24 months of age for the primary 

series.Age-appropriate immunization indicators more accurately reflect 

adequacy of protection for pre schoolers than up-to-date indicators at both the 

individual and population levels. Age-appropriate receipt of the first dose of 

DTP should be monitored to identify children likely to be under immunized. 

Age-appropriate indicators should also be incorporated as vaccination 

coverage estimators in population-based surveys and as quality of care 

indicators for managed care organizations. These changes would require 

accurate dates for each vaccination and support the need to develop 

population-based registries. 
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INTRODUCTION 

The growing prevalence of obesity1, combined with the absence of effective conservative treatment 2 and probably 

with the development of laparoscopic surgery, has led to a significant increase in the number of bariatric surgical 

procedures performed each year in most Western countries 3. Bariatric surgery has been shown to produce effective 
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and sustainable weight loss, which in turn results in improvement of obesity-related comorbidities, of quality of life, 

and of survival 4. 

Gastric banding and Roux-en-Y gastric bypass (RYGBP) are currently the most commonly performed surgical 

procedures for morbid obesity [body mass index (BMI; in kg/m2) >40]. Laparoscopic gastric banding is a purely 

restrictive procedure. It has a low operative morbidity but is associated with a substantial rate of late complications 

and failure5,6. Laparoscopic RYGBP is essentially restrictive, but in contrast with gastric banding, it is associated 

with nutritional deficiencies and has a higher operative morbidity7. However, it represents the procedure of choice 

for many surgeons8,9 because it induces greater weight loss with better food tolerance. 

After RYGBP, careful follow-up is needed to detect and correct nutritional deficiencies. Unfortunately, data about 

the type and the frequency of these postoperative deficiencies remain scarce10,11. 

The aims of this retrospective study were  

1) To assess the type, frequency, and pattern of development of nutritional deficiencies over the first 24 months after 

RYGBP,  

2) To determine the amount of supplements prescribed to each patient,   

3) To evaluate the cost of the substitutive treatment. 

This information is important to standardize postoperative follow-up and to define which type of nutritional 

substitution has to be prescribed after RYGBP. It will allow a reduction of the frequency and the consequences of 

nutritional deficiencies and a decrease in health care–related costs. 

Incorporating the patient experience into the clinical decision-making process is of increasing interest to the 

international regulatory and health policy community,12 as these bodies increasingly recognize that patients are 

experts in terms of their preferences and have a unique knowledge of their own health. The patient experience can be 

captured in a number of different ways; an increasingly important approach is via patient preference (PP) studies. 

PP studies generate rigorous data on patients‘ perception and preferences surrounding different aspects of existing or 

investigational health-related products, services, and interventions. The growing use of PP studies helps incorporate 

the patient perspective into clinical drug development, care management, and the broader healthcare decision-

making of regulators and payers.13-17 Over the last decade, benefit-risk methodologies have evolved substantially 

and are seen by regulators and industry stakeholders as a valuable tool in aiding transparency and communication in 

decision-making. Benefit-risk evaluation is both subjective and objective, and PP data can help regulatory and other 

stakeholders (eg, payers) evaluate and communicate value-based judgments. 

Preference research allows estimation of the relative importance of different aspects of care, the trade-offs between 

these aspects, total satisfaction or utility that respondents derive from healthcare services and can help with decision 

making for some of the important issues in healthcare. 

As summarized in the US Food and Drug Administration (FDA)‘s ―Patient Preference Information – Voluntary 

Submission, Review in Premarket Approval Applications, Humanitarian Device Exemption Applications, and De 

Novo Requests, and Inclusion in Decision Summaries and Device Labelling‖ guidance, patient preference data may 

be collected through qualitative or quantitative approaches. There are several quantitative approaches to eliciting 

patient preference data; some use revealed-preference methods (whereby patient preferences are obtained from 

actual observed choices made by participants), while others use stated-preference methods (in which preferences are 

elicited by offering choices to participants). A discrete choice experiment (DCE) is a quantitative stated-preference 

method for eliciting preference data. DCEs are based on random utility theory (RUT), a long-standing theory of 

choice behaviour proposed by Thurstone in 1927.18,19 The method involves presenting participants with a choice task 

that requires a force choice between hypothetical alternative products (or programs, or services). Participants are 

asked to state their preference from the alternative options. These data are used to evaluate how respondents‘ value 

selected attributes of a product (or program or service), whether preferences are influenced by the attributes, and the 

relative importance of the attributes.20 

Growth hormone deficiency (GHD) in adults and children has been treated over the last several decades with 

recombinant human growth hormone (r-hGH) administered as a daily injection. Whilst this treatment has, on the 

whole, been successful, evidence indicates that adherence with daily treatment is less than optimal21 and presents a 
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particular challenge in children for a variety of reasons (including discomfort or pain with daily injections, the 

required length of treatment, and the patients and parents understanding of treatment benefit and consequences of 

non-compliance).22,23 The psychological impact on the family, and in particular the impact on the caregiver who 

primarily administers the daily injections to young children, can be emotionally distressing. 

It has been hypothesized that a less frequent injection schedule (for example, a weekly or monthly injection 

schedule) could improve patient adherence.24 In children, this would obviously result in improved long-term height 

outcomes and improved quality of life (QoL). Injection frequency for administration of r-hGH injections may be an 

important factor for patients and clinicians when initiating therapy for GHD and making subsequent treatment 

choices for this chronic condition. Various delivery and device attributes (ie, product features such as safety, 

effectiveness, or mode of administration) may factor into patient preferences about r-hGH injections, such as 

frequency, device, and storage options. Little research regarding r-hGH injection frequency preferences has been 

done to date, since the development work on these newer ―less frequent‖ products is still ongoing, and they are not 

currently available for routine prescribing. 

The goal of this study was to ascertain relative patient preferences associated with the r-hGH injections and injection 

devices using DCE methods. 

Screening of medical records and patient selection 

This study was a retrospective analysis of medical records of obese patients who underwent bariatric surgery by 

RYGBP at our centre. Only patients who complied with our follow-up schedule (see below) during the first 2 y after 

surgery were included. We excluded from our analysis  

1) Patients who underwent RYGBP secondarily after having previously undergone another bariatric procedure,  

2) Patients who were lost to follow-up or who attended <4 of the planned medical visits during the first 2 y after 

RYGBP,  

3) Patients whose blood analyses were performed in outside laboratories,  

4) Patients who became pregnant during the first 2 y after RYGBP 

5) Patients who were treated with nutritional supplements before RYGBP. 

Surgical technique 

The surgical technique was described in detail elsewhere. The length of the Roux-en-Y limb was determined by the 

patient's BMI; it was 100 cm for those with BMI ≤ 48.0 and 150 cm for those with BMI > 48.0. Cholecystectomy 

was performed if gallstones were present and in many of the remaining patients as prophylaxis against the 

occurrence of gallstones during rapid weight loss. All patients included in the analysis were operated on between 

November 1999 and June 2004. 

Clinical and biologic follow-up 

Every patient met a physician of our team at least once before surgery; after surgery, they were seen every 3 Mo 

during the first postoperative year and at 6-mo intervals during the second year. Height was measured at the 

preoperative consultation with the use of a studio meter. At each consultation, body weight was measured using a 

Detector scale (Detector, Webb City, MO), and BMI was calculated. The percentage of excess body weight was 

calculated according to the ideal body weight. 

At each postoperative consultation, a non fasting blood sample was drawn. Measurements included total and 

corrected calcium, albumin, parathyroid hormone, 25-hydroxyvitamin D, iron, ferritin, folic acid, erythrocyte 

magnesium, zinc, and vitamin B-1, B-6, and B-12 concentrations and a complete blood count. All biochemical 

analyses were performed by certified laboratories (ISO CEI 17025) and run in duplicate or triplicate samples. 

Normal reference ranges and techniques used by our laboratory for the measurement of several vitamins and 

micronutrients. 

AIM AND OBJECTIVE 
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The aims of this retrospective study were  

1) to assess the type, frequency, and pattern of development of nutritional deficiencies over the first 24 mo after 

RYGBP,  

2) to determine the amount of supplements prescribed to each patient,   

3) to evaluate the cost of the substitutive treatment. 

DISCUSSION 

RYGBP has become one of the most common bariatric procedures. However, long-term nutritional outcome data 

remain scarce, and, aside from a few published expert recommendations, there are no guidelines regarding the 

optimal postoperative nutritional follow-up. The aim of this study was to improve our knowledge of the nutritional 

consequences of RYGBP, because of potential complications related to development of nutritional deficiencies such 

as neurologic dysfunction for vitamin B-12 deficiency. 

Our main observations are as follows. 1) Standard multivitamin supplementation is not sufficient to 

prevent nutritional deficiencies after RYGBP. Indeed, almost 60% of our patients required one or more nutritional 

supplements 6 mo after surgery, with virtually all patients needing them after 2 y. 2) The prevalence of vitamin D 

and calcium deficiency increases significantly with the length of the Roux-en-Y limb. 3) Proper postoperative 

nutritional substitution can become a burdensome and expensive treatment, which may challenge a patient's 

compliance considerably. 

The reported incidence of specific deficiencies after RYGBP varies widely in the current literature: between 10% 

and 50% for vitamin B-12 and iron and between 0 and 40% for folic acid. Hypovitaminosis D with secondary 

hyperparathyroidism was found in up to 80% of patients both pre- and postoperatively. No data are available for 

vitamins B-1 and B-6, magnesium, and zinc. However, most authors report the incidence of specific deficiencies at 

different time points after surgery, without considering the number of patients who will require any substitutive 

treatment during follow-up. In addition, some authors prescribe a multivitamin supplement immediately after 

RYGBP and others do not, potentially confounding the data. Finally, the time points at which patients are studied 

vary among studies, and yet, as exemplified by the present data, the prevalence of nutritional deficiencies increases 

with time. We chose here to report the proportion over time of patients receiving one or more nutritional 

supplements. Because these supplements were prescribed according to strict guidelines on the basis of regular 

biologic measurements, we believe that these data provide an accurate picture of the clinical importance of this 

problem over the period under study. By reporting the mean number of supplements prescribed for each patient, our 

study is also the first to illustrate the burden of nutritional substitution. 

Despite some limitations inherent to the retrospective design of this study, our data stress the fact that oral and/or 

parenteral nutritional supplementation can become a potential problem for patients. Indeed, they demonstrate that a 

standardized multivitamin supplement with a single pill per day will probably not meet the needs of the vast 

majority of patients. Taking several pills a day raises the problem of adherence to treatment. The cost of treatment 

can be another barrier to adequate compliance. Our estimates show that 2 y after RYGBP, a patient will have to 

spend on average $35 per month for his or her nutritional supplements, an amount high enough to impair compliance 

in a significant proportion of patients in countries in which health insurance companies do not cover these costs. 

This situation is well illustrated by a study reporting that in a group of 348 patients treated by RYGBP, only 33% 

complied with the multivitamin regimen throughout the study period. This dramatically low adherence rate suggests 

that appropriate compliance should regularly be assessed and encouraged during the postoperative follow-up. 

Finally, costs related to extensive biologic nutritional assessment are also high, averaging $360 per patient per 

sample at our center or $2100 for the 6 blood samples obtained during the entire follow-up period. Although the 

cost-benefit ratio of this follow-up should be formally evaluated, our data stress the need for a carefully planned 

postoperative follow-up, taking into account potential benefits to the patients as well as health care–related costs. 

Because all patients received a multivitamin supplement between months 1 and 6 after RYGBP, the real incidence of 

nutritional deficiencies during this period probably cannot be extrapolated from the present data. However, 

prescribing a multivitamin supplement after RYGBP is a commonly used procedure, and therefore these results may 

be a better reflection of what would be found in other clinics using similar treatment plans. We also did not seek 

information about the preoperative nutritional status of our patients, and deficiencies recorded during follow-up may 
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possibly represent problems existing before the surgical procedure. However, most deficiencies occurred after the 

sixth postoperative month, suggesting that they were not present before surgery. 

In consideration of the high prevalence of nutritional deficiencies, the relative rapidity of their appearance after 

RYGBP, the lack of effectiveness of multivitamin supplementation, and the high cost of the above-mentioned 

postoperative follow-up, an achievable alternative to our follow-up schedule and treatment plan would be to 

prescribe vitamin B-12, iron, calcium + vitamin D-3, and folic acid supplements in sufficient amounts to all patients 

after RYGBP. A pragmatic approach of prescribing a double dose of a multivitamin is sometimes used; however, the 

effectiveness of this approach has not yet been fully demonstrated. Therefore, the development of a single ―multi-

pill‖ or injection containing appropriate doses of vitamin B-12, iron, calcium + vitamin D-3, and folic acid would 

facilitate compliance and reduce costs; research to determine the proper dosage and route of administration of this 

type of medication should be encouraged. With such a regimen, our data suggest that nutritional assessments 

performed every 6 mo would be adequate to both detect less frequent deficiencies such as those of vitamins B-1 and 

B-6, zinc, or magnesium and monitor the efficacy of treatment. 

RYGBP has become one of the most commonly performed bariatric procedures. Our data demonstrate that after 

surgery routine supplementation with a standardized multivitamin preparation alone does not prevent the frequent 

occurrence of nutritional deficiencies. We therefore suggest that rigorous postoperative follow-up should be 

implemented in all patients to detect the most frequent of these deficiencies, which include deficiencies of vitamin 

B-12, iron, calcium, 25-hydroxyvitamin D, and folic acid. Given the prevalence and clinical importance of this 

problem, prospective studies should be performed to establish formal guidelines for the nutritional care of these 

patients. 

We express our deep gratitude to François Pralong, who offered his help by revising the manuscript. 

The author's responsibilities were as follows—CG: collected and analyzed data, interpreted results, and wrote the 

manuscript; MS: participated in data collection and revised the manuscript; RG: revised the manuscript; and VG: 

participated in data collection, interpreted results, and wrote the manuscript. None of the authors had a personal or 

financial conflict of interest. 

This DCE study was designed to estimate the relative importance and preferences for different aspects of the growth 

hormone injection device‘s use and handling. This patient preference study is the first study that we are aware of to 

evaluate patient preference for GH injections in this way. The strength of this DCE enabled an exploration of 

preferences relating to alternative options for delivery of r-hGH which are not currently available. 

The focus of the study was on the degree to which each attribute contributed to the desirability of a pen device, 

rather than whether a particular device configuration would actually be used (or would be more preferable compared 

to existing options). This study, involving children, adolescents (and their caregivers) and adults yielded several 

results of interest. Overall, respondents indicated a clear preference for a less frequent injection schedule rather than 

daily injections (i.e., a preference for weekly, bi-monthly or monthly injections). This attribute was more important 

relative to others. 

The study also included a separate exercise looking at the uptake of whether the participant would choose to switch 

from their current daily pen device, if given the chance, to a less frequent injection schedule. The results show that 

the vast majority of respondents would switch to a less frequent injection administration (weekly, biweekly or 

monthly, although there appeared to be slightly less support for a schedule given once every two weeks). 

The results for each age category (children, adolescents and adults) are generally consistent. However, results 

indicate that adolescents showed a greater tendency to switch to a less frequent injection schedule compared to the 

adult and Pediatric cohorts. This is perhaps unsurprising, as evidence suggests that adherence to treatment in this age 

group reduces. Hence, the availability of an injection pen which requires only a once-weekly injection, or even 

fewer administrations, could offer patients a valuable option which could improve adherence and persistence, with 

potential clinical implications for improved growth outcomes. 

The lower preference for a less frequent injection schedule seen in our adult cohort is aligned with a recent 

publication which also reported that adult patients were less likely to switch to a weekly injection schedule. The 

Amereller study suggests that if patients were provided with additional information regarding the efficacy and safety 

of a newly introduced product, patients may be more willing to switch when they are offered a choice between 

weekly and daily injection schedules. 
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DCE studies have some limitations. The potential for hypothetical bias is a general concern. Choices involving 

hypothetical treatments do not have the same clinical, financial and emotional consequences of experiencing the 

actual treatment. Hence, differences may arise between patients stated and actual choices. In this study, all 

respondents had considerable experience treating their GHD with daily injections; none of the respondents had 

experience or knowledge of alternative injection schedules. 

All recruited participants were enrolled exclusively from clinics in the US, and while treatment for GHD is standard 

across different countries and regions, and therefore bias should be minimal, in an ideal scenario, patient preferences 

from other countries should also have contributed to these results. While patients in transition were excluded from 

this study, future research should explore the experiences of these patients. 

Whilst the authors identified the attributes via internal consultation and previous research, the attributes identified 

and evaluated had not been robustly researched via a literature review and this could also be considered a limitation 

of the study. However, it is unlikely that a key attribute had been omitted. Attributes in DCE studies are always pre-

defined and therefore it is possible a more relevant attribute may have been missed, but this is a limitation of all 

DCE studies. 

One strength of the recruited sample is that since all respondents had participated in a broader clinical study we can 

be assured that everyone had been confirmed with a diagnosis of GHD. All participants in the clinical study 

participated in the conjoint analysis, with no drop outs – suggesting completion was not burdensome or challenging. 

The attributes and scenarios applied in this study were tested in a set of 10 pilot interviews, during which 

respondents completed the online DCE exercise while a moderator observed them completing the exercise via 

screen share. During and after the exercise, the moderator asked the respondent targeted questions to ensure they 

understood the content and options presented. The results of this pilot study indicated that the attributes and 

scenarios were tangible and easily understood by respondents, so it is unlikely to have led to misunderstandings or 

lack of comprehension which may have led to varying interpretations of the data. 

In conclusion, the voice of the patient and patient preferences regarding novel and different treatment options is 

becoming increasingly important to many stakeholders, in particular regulators who are interested in how these 

studies may best support the benefit/risk analysis of a new drug. In this study, the DCE was successful in evaluating 

the trade-offs and preferences patients with GHD and caregivers (dyads), when appropriate, were willing to make 

amongst injection pen attributes. The findings from this study suggest that a less frequent injection schedule is the 

most preferred and important attribute for patients with GHD. Less frequent injection schedules may be an important 

factor to improve compliance in this therapy area, which would lead to improved outcomes in the longer term. A 

recommended next step would be to conduct a randomized clinical trial, and ideally a real-world data study, to 

scientifically and robustly determine the clinical implications of a less frequent injection regimen. 

These results do not support the hypothesis that a defect in the NPY system is mediating the decreases in intake 

during zinc deficiency. Concentrations of NPY in the PVN and NPY mRNA in the ARC were higher in Zn0 than in 

Zn/ rats. This difference appeared to be related more to decreased food intake than zinc deficiency because pair-fed 

rats exhibited similar increases in NPY concentrations. Reported that both NPY peptide and mRNA concentrations 

were increased in food-restricted rats. The present data are consistent with the recent report of with respect to NPY 

mRNA levels, but are not consistent with their report that NPY content is not different in Zn0 vs. Zn/ rats. However, 

we utilized PVN micro dissected from the hypothalamus, whereas measured levels in the whole hypothalamus. NPY 

content in the PVN and NPY mRNA levels in the ARC generally change in parallel, although there are a few 

examples of NPY content and gene expression not correlating. 

There was no impairment in the feeding response to exogenous NPY in Zn− rats. At the highest dose of NPY (160 

pmol) administered in this study, energy intake per kilogram body weight did not differ in Zn+ and Zn− rats. This 

observation contrasts with two previous studies in which exogenous infusions of orexigenic agents were 

administered centrally to Zn− and Zn+ rats. In those studies, it was observed that Zn− rats were resistant to increases 

in intake when dynorphin and norepinephrine, muscimol, and bromerogocryptine were administered. Because the 

four compounds tested by Essatara and colleagues did not equalize intakes of the groups, one hypothesis they 

advanced was that receptor function or sensitivity was reduced by zinc deficiency. In this study, equivalent energy 

intake in Zn− and Zn+ groups when 160 pmol of NPY was infused suggests that NPY receptor function may not be 

compromised by zinc deficiency. It is not practical to include a pair-fed group of rats in short-term intake studies 

because pair-fed rats are voracious eaters and consume food almost continuously for an hour or more upon 
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presentation of diet. Our preliminary tests demonstrated that intakes of PF rats were unaffected by treatment (data 

not shown). Did not use pair-fed rats for the same reason. A discussion of the range of problems encountered with 

pair-fed rats in zinc deficiency studies is presented by O′Dell and Reeves (1989). 

It may be that during zinc deficiency, the NPY neurons extending to the PVN are less able to process NPY into its 

final, fully active form. Zinc deficiency impairs processing of the brain peptide, thyrotropin-releasing hormone. 

Incompletely processed NPY has a lower affinity for NPY receptors, and the amidated C-terminal end of the NPY 

peptide interacts with NPY receptor binding sites. During zinc deficiency, the hypothalamus may be normally 

responsive or even hyper responsive to infusions of NPY. We suggest that this could occur during zinc deficiency if 

less than normal amounts of NPY are being released from terminals within the PVN or if incompletely processed 

pro-NPY peptide is being released from cells. This hypothesis does not agree with the current results indicating 

higher, rather than lower concentrations of NPY during zinc deficiency, although the assay used in this study detects 

total NPY immunoreactivity and does not measure the various processed forms of NPY. Another study reporting 

increases in in vitro NPY secretion during zinc deficiency (Tovar-Palacio et al. 1996) also used an assay that did not 

measure processed forms of NPY. 

The hypothesis that zinc deficiency–induced anorexia is related to decreases in NPY now appears less likely. The 

increase in NPY during zinc deficiency appears to result from the reduced intake of Zn− rats. The parallel increase 

of NPY content and NPY gene expression associated with zinc deficiency may be a normal regulatory response 

made in an attempt to increase intake in Zn− rats. Yet, while consuming a Zn− diet, these rats continued to eat less, 

unlike food restricted rats. Because Zn− rats increase food intake after infusion of exogenous NPY and are at least as 

responsive as Zn+ rats to similar infusions, the NPY system appears to be intact postsynaptically. If the processing 

of NPY is unaffected by zinc deficiency, then on the basis of these results, it appears likely that some other 

physiologic change is mediating this anorexia. 

The main finding of the IIISAS trial was that treatment with ferric derisomaltose did not provide benefit beyond 

TAVI in terms of 6-min walk distance (Graphical Abstract), NYHA class, muscle strength, or quality of life in iron-

deficient patients with severe aortic stenosis. Intravenous iron led to repletion of iron stores in 79% of the patients 

and except for one hypersensitivity reaction which resolved quickly after adequate treatment, the treatment was safe. 

In patients with heart failure, iron deficiency regardless of haemoglobin status is a recommended treatment target 

based on the results of randomised trials. In patients with severe aortic stenosis, only a few studies have examined 

the association between iron deficiency regardless of haemoglobin levels and adverse events following TAVI
 
 In an 

observational study on 495 patients undergoing TAVI, preprocedural iron deficiency was associated with adverse 

outcomes after TAVI. In a subgroup of patients (n = 56), intravenous iron resulted in improvements in both iron 

markers and symptoms at 30-day follow-up. Consequently, many have emphasized the need for clinical trials to 

investigate the potential benefit of intravenous iron in patients with severe aortic stenosis.  

The IIISAS trial included patients with iron deficiency, but only a few patients had anaemia, and severe anaemia 

was an exclusion criterion. Consequently, it cannot be concluded that intravenous iron does not have a position in 

the treatment of anaemic patients with severe aortic stenosis. However, prespecified subpopulation analyses on 

patients with and without anaemia indicated no benefit in anaemic patients. This suggests that anaemia and iron 

deficiency may serve as markers of poor outcomes, rather than cause these outcomes. Frailty is a multidimensional, 

dynamic state that makes the individual more vulnerable to the effect of stressors. Aortic stenosis and frailty are two 

distinct yet commonly associated conditions, and the presence of frailty in patients undergoing TAVI is associated 

with adverse outcomes.  

To assess the effect of one intervention when the patient undergoes another intervention is challenging. TAVI is a 

complex procedure that can be associated with severe complications. On the other hand, the benefit provided by 

successful intervention may eclipse the potential benefits of intravenous iron in the preoperative setting. In our 

population, the success and complication rates following TAVI were comparable between the two treatment arms. 

The relatively high drop-out rate is also a relevant issue. However, the similarities between the patients who were 

excluded from and included in the modified intention-to-treat population and the fact that imputation analyses did 

not change the results increase the robustness of the findings despite the drop-outs. 

The overall change in the 6MWT after TAVI was moderate and 38 patients failed to improve their 6-min walk 

distance after TAVI. These results are comparable to those found in a recent study on patients who performed a 

6MWT before and 6 months after TAVI. In this study, the sub-group of 152 ‗fast walkers‘, who had a baseline walk 
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distance that was comparable to that of our population, improved their walk distance by a mean of 20 m. The limited 

effect of TAVI on the 6-min walk distance raises the question of whether any intervention can be expected to 

improve the 6-min walk distance in a contemporary population of patients with severe aortic stenosis. The NT-

proBNP levels in our population were moderately elevated, consistent with the low EuroSCORE and the inclusion 

criteria requiring a minimum 6-min walk distance of 100 m. 

The IIISAS trial screened consecutive patients with severe aortic stenosis who were evaluated for TAVI and 

confirmed the high prevalence of iron deficiency observed in two previous studies. The administration of 

intravenous iron led to repletion of iron stores in most patients (76%), suggesting that the missing effect on clinical 

endpoints was not caused by inefficient treatment of the pre-existing iron deficiency. We have no reason to believe 

that the blood transfusions administered during TAVI substantially affected the iron parameters measured 3 months 

after TAVI. 

Whether the definition of iron deficiency applied in patients with heart failure is valid in patients with severe aortic 

stenosis has not been investigated. A TSAT <20% is useful to define low plasma iron availability to tissues in iron 

deficiency. Little evidence is available from high-quality studies to justify specific thresholds for serum ferritin. 

However, clinical trials have proved that the cut-points used in heart failure are clinically useful in this condition, 

and consequently, they are now largely accepted. Further investigation is warranted to determine optimal cut-off 

values for iron deficiency in patients with severe aortic stenosis. In our trial, however, there were no signals towards 

a benefit of treatment in the prespecified subgroups with either ferritin <30 µg/L or in the patients with TSAT <20%. 

Across the treatment arms, the TAVI procedure improved quality of life, NYHA class, and 6-min walk distance 

3 months after TAVI. However, the results of our proof of concept trial do not provide support for routinely 

administration of intravenous iron to improve these outcome measures in patients with severe aortic stenosis and 

iron deficiency scheduled for TAVI. Except for one hypersensitivity reaction, the administration of intravenous ferric 

derisomaltose was safe. 

This study is the first to define preoperative micronutrient status in an African patient cohort scheduled for metabolic 

surgery. In South Africa, literature is available on the baseline patient profiles and outcomes after metabolic surgery, 

but little is known about the preoperative micronutrient status of bariatric cohorts. This study, in predominantly 

morbidly obese females, revealed significant deficiencies of some micronutrients at baseline indicative of obesity as 

a state of excess energy and is not synonymous with optimal nutrition. Like data from the developed world, vitamin 

D deficiency (57%) was the most prevalent, followed by iron deficiency (44%) and then folate deficiency (18%); 

with 88% (136/154) of the participants having at least one nutrient deficiency prior to surgery. Identification of the 

most prevalent micronutrient deficiencies preoperatively, enables clinicians to limit laboratory measurements in a 

resource constrained setting. The results suggest that the preoperative assessment of individuals scheduled for 

metabolic surgery should include, at minimum, the measurement of 25(OH)D, iron studies and folate. 

While initial thinking framed obesity as a disease of the developed world, evidence indicates that the developing 

world is equally, if not more, prone to escalating rates of obesity. An extensive systematic review and meta-analysis 

conducted in 199 countries from 1980–2008 showed that the average rate of BMI increase per decade is 0.4 kg/m
2
 in 

men and 0.5 kg/m
2
 in women. The meta-analysis revealed concerning statistics specifically for South Africa, noting 

an increase in BMI at a rate of 2.9 kg/m
2
 per decade for males and 1.6 kg/m

2
 per decade for females during 2000–

2008. Longitudinal data derived from other South African studies support these findings and corroborate an upward 

trend in obesity. In developing countries, the obesity problem is compounded by urbanization, a change in diet to 

low-cost, easily accessible, high sugar, carbohydrate-dense, and nutrient-deficient diets, allowing for little variety. 

Obese individuals from lower-income settings or areas where food insecurity prevails, are expected to have more 

profound micronutrient deficiencies. Although this study is the largest to date to investigate baseline micronutrient 

deficiencies before metabolic surgery in an African population, the limited number of deficiencies per income 

category did not allow us to perform reliable statistical analysis to assess the interplay between socio-economic and 

nutritional status. 

Sun exposure and the presence of melanin play a significant role in the metabolism of 25(OH)D. Higher melanin 

concentrations have advantages for those who live in areas of intense sunlight exposure by reducing the harmful 

effects of ultraviolet light on the skin; however, it does reduce the efficacy of 25(OH)D metabolism. South Africa 

has a heterogeneous population with marked variation in skin concentration of melanin. Skin pigmentation and 

concentration of melanin is known to influence activation of vitamin D in the skin and varies amongst the different 

ethnic groups in South Africa. Globally, people of African descent with higher skin melanin content are known to be 
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predisposed to vitamin D deficiency and lower circulating 25(OH)D levels. 25(OH)D levels were thus assessed at 

baseline as noted and compared amongst the different ethnic groups included in the study cohort. 

A recent systematic review and meta-analysis describing 25(OH)D deficiency in Africa, with high levels of sunlight, 

noted a pooled prevalence of low 25(OH)D status of 18.46%. Further, mean serum 25(OH)D levels were lower in 

South Africa compared to the rest of sub-Saharan Africa. This was attributed to lifestyle factors and increasing 

urbanization. The optimal serum 25(OH)D for skeletal health is controversial, and concentrations for extra skeletal 

health have not been established. The Institute of Medicine (IOM) favors maintaining the serum 25(OH)D between 

50 and 100 nmol/L for bone health. The US National Osteoporosis Foundation, the International Osteoporosis 

Foundation [IOF] and the American Geriatric Society suggest that a minimum level of 75 nmol/L is necessary to 

minimize fracture risk. Musculoskeletal health and fracture risk is a concern in people who undergo metabolic 

surgery, and obesity is a predisposing factor for 25(OH)D deficiency, hence the rationale for adopting the higher 

threshold of 72.5 nmol/L in this study to denote sufficiency and to regard a circulating level of 25(OH)D ≤ 50nmol/L 

as deficient. 

The prevalence of 25(OH)D deficiency was high (57%) in the relatively young cohort of these study participants 

(mean age 45 years; [37-51 years]). The highest percentage of 25(OH)D deficiency was documented in those of 

mixed ancestry/Asian decent (51/65; 78%) and in black Africans (4/6; 67%), a finding that supports the notion that 

melanin concentration does play a role in the skin activation of 25(OH)D. It is, however, noteworthy that the 

prevalence of 25(OH)D deficiency in the study participants was significantly higher than the figures reported for the 

general population in the region thereby implicating excess body weight, irrespective of skin melanin content, as a 

contributor to 25(OH)D deficiency. 

The association between 25(OH)D and obesity has not been fully established, and various theories have been 

postulated. 25(OH)D metabolism hinges on sun exposure which may be reduced in obese individuals, who tend to 

partake in less outdoor physical activities. Furthermore, 25(OH)D may be sequestered in the adipose tissue of obese 

persons and, as such, has a reduced bioavailability. While the pathophysiology of 25(OH)D deficiency in obesity 

remains uncertain, the important role of 25(OH)D sufficiency to ensure optimal skeletal health are widely accepted. 

This study documented an inverse correlation between PTH and 25(OH)D. PTH secretion is expected to increase 

with a decrease in bioavailable 25(OH)D and a negative calcium balance. Chronic exposure of the skeleton to 

elevated circulating PTH is known to contribute to bone loss and decreased skeletal integrity. The findings argue for 

the critical interpretation of PTH to inform the routine monitoring and appropriate supplementation of 25(OH)D in 

obese patients, particularly those scheduled for metabolic surgery. 

Most of the study participants (136/154) were women with a median age of 45 years (37–51) and the majority were 

either of mixed/Asian (65/154; 42%) or European (83/154; 54%) descent. Iron deficiency was noted in near half 

(46%) of the women in this study, with iron deficiency anemia present in 12%. A study by Phatlhane et al. in 

otherwise healthy non-pregnant South African adults (median age 30 years) documented iron deficiency in a 

concerning 56,6% of their female participants and iron deficiency anemia in 9.8%; findings in keeping with those 

described here. Diagnostic criteria employed to define iron deficiency and iron deficiency anemia were similar in 

this study. They attributed the presence of iron deficiency in their cohort to menstrual blood loss and limited intake 

of iron rich foods. In another local study, the association between obesity and iron deficiency in women aged 25-49 

years in rural areas in the Free State Province of South Africa was explored. Iron-deficiency was noted in a far lower 

percentage of their participants (4.1%). Studies from elsewhere in the world looking at micronutrient status in the 

morbidly obese and prior to bariatric surgery document iron deficiency in a comparatively lower percentage of their 

cohorts (<10%). Detailed dietary assessment and interrogation of menstrual patterns was not performed in this study 

making it impossible to define causality of these findings or explain the discrepancy compared to other published 

data. The high prevalence of iron deficiency in the South African setting prior to metabolic surgery is important and 

noteworthy and should prompt assessment of iron status prior to performing metabolic surgery. 

25(OH)D, folate, and iron deficiencies were more prevalent in participants with a BMI ≥45 kg/m
2,

 compared to 

those with a BMI <40kg/m
2
, a finding also noted in other published studies. In fact, folate deficiency was 

exclusively seen in participants in the obesity class III or above. Interpretation of this data must, however, be done 

cautiously as only 11 study participants, representative of a minority of the cohort (7%) had a BMI <40 kg/m
2
. 

Folate deficiency was observed in 18% of research participants, comparatively lower than other African studies, 

where folate deficiency was noted in 54% obese and non-obese women in Ghana. The Ghanaian study notes that 

folate deficiency may be particularly high in West Africa where folate-deficient diets are consumed. In the same 
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way, demonstrated low folate levels in 28% of non-pregnant women of childbearing age in Limpopo, South Africa. 

This study was performed 4 years after the introduction of mandatory food fortification with folic acid in South 

Africa. Additionally, low folate levels have been linked to poor socio-economic circumstances (SES), but limited 

numbers precluded an evaluation of the association between folate and SES in this study. 

We did not quantify nutrient (including folate) intake in our study, but the South African National Food 

Consumption Survey- Fortification Baseline (NFCS-FB) in women of reproductive age, reassuringly indicated low 

rates of folate deficiency nationally. Interestingly at the time, 60% did not look for the food fortification logo on 

maize, bread, or flour products. Provincially, women and children in the Western Cape, Northern Cape, the Free 

State and Eastern Cape had significantly lower mean serum and red blood cell folate compared to other provinces. 

Still, the mean folate levels in the Western Cape where 58% of women were obese or overweight were sufficient. It 

is well established that overweight and obese individuals have lower serum folate concentrations than normal-

weight individuals. Female folate deficiency is still noted during pregnancy and lactation despite food fortification 

due to increased metabolic needs. Globally the proposed contributing factors to folate deficiency in obese and 

overweight individuals include inflammation, insulin resistance and symbiosis in the microbiome. Additional 

considerations are increased urinary excretion, dilution of blood volume, and impaired folate absorption by the 

intestinal epithelium. We could not identify comparable South African cohorts to juxtapose our findings 

scientifically and did not evaluate the influence of these factors in our study. 

Clinicians should maintain a high index of suspicion and a low threshold to test for micronutrient deficiencies in 

obese patients, especially those with a BMI ≥40 kg/m
2
, irrespective of whether they are scheduled for metabolic 

surgery or not. 

Evaluation of glycemic status was limited to determination of a fasting blood glucose and HbA1c and was available 

in 152 of study participants. Abnormal glucose homeostasis was present in a concerning number of participants 

(102/152; 67%). Of those 33/102 (32%) had newly diagnosed prediabetes and 13/102 (13%) unknown T2D thus 

representing 30% of this study cohort. Within obesity category III, 22% and 40% of women had prediabetes and 

T2D respectively, metabolic abnormalities not considered or required as inclusion criteria in this subgroup of the 

cohort. Optimal glycemic control was achieved in less than half of participants known with diabetes mellitus prior to 

study entry (42.8%). The high prevalence of undiagnosed prediabetes and T2D and the suboptimal control of known 

diabetes at baseline in subjects scheduled for bariatric surgery is noteworthy and must be addressed in clinical 

practice. It illustrates the significant number of unmet needs for T2D in sub-Saharan Africa. Evidence from the 

South African National Health and Nutrition Examination Survey (SANHANES-1 (2011–2012) indicated in people 

with T2D, 45.4% are unscreened and overall, that 80.6% of the T2D population had an unmet need for care. Obesity 

is one of the strongest risk factors for T2D and to limit the impact of this epidemic, urgent multilevel prevention and 

management actions are required. 

This study has limitations. All participants were recruited from an existing pool of patients referred for metabolic 

surgery at a single tertiary hospital and extrapolation of the findings may thus not be applicable to the broader 

population. Findings in this study remain valuable as an initial step to uncover the baseline prevalence of 

micronutrient deficiencies in obese South Africans scheduled for metabolic surgery. With the projected increased 

prevalence of obesity on the African continent, the results caution for the judicial monitoring of patients considered 

for metabolic surgery as treatment method. Based on the data, it is recommended that a routine assessment of 

micronutrient status is performed; that as a minimum include the measurement of 25(OH)D, iron status and folate. 

Screening for T2D with an oral glucose tolerance test ± HbA1c determination and optimization of glycemic control 

in those known with T2D should be standard of care in obese individuals, including those scheduled for metabolic 

surgery. 

CONCLUSION 

In conclusion, the study documented micronutrient deficiencies and a concerning prevalence of abnormal glucose 

status in obese individuals scheduled Y for metabolic surgery. The appropriate detection and management of these 

nutritional deficiencies need to be moderated by the judicial use of resources and should include, at a minimum, the 

measurement of 25(OH)D and folate level and evaluation of iron status. Future efforts should seek to collate patient 

data on a national scale, to provide a more holistic, longitudinal picture of the relationship between obesity, 

metabolic surgery, and micronutrient status in the developing world, which may optimize evidence-based care. 
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