Methodological bias and study design influence the reported link between Vitamin-D deficiency and postoperative hypocalcemia
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Abstract
Background
Post-thyroidectomy hypocalcemia is the most frequent complication after total thyroidectomy. Preoperative vitamin D deficiency has been suggested as a potential risk factor, but inconsistencies exist in the literature, possibly related to methodological differences. To evaluate whether study design and risk of bias influence the association between preoperative vitamin D deficiency and postoperative hypocalcemia in patients undergoing total thyroidectomy.

Methods
This is a secondary analysis of a previously conducted systematic review. We included observational studies evaluating the association between preoperative vitamin D levels and postoperative hypocalcemia. Methodological quality was assessed using the QUIPS tool. Subgroup analyses were performed based on study design (prospective vs. retrospective) and overall risk of bias (high vs. low/moderate).

Results
Twenty-eight studies comprising 4994 patients were included. Nineteen studies had a prospective design. Both prospective and retrospective studies showed an association between vitamin D deficiency and hypocalcemia; however, the effect size was lower in prospective studies (OR 1.95; 95% CI 1.28-2.97) compared to retrospective ones (OR 2.18; 95% CI 1.02-4.7). Studies with high risk of bias showed a significant association (OR 2.55; 95% CI 1.4-3.6), while those with low/moderate risk did not (OR 1.71; 95% CI 0.96-3.06).

Conclusion
Study design and methodological quality influence the reported association between vitamin D deficiency and postoperative hypocalcemia. These findings suggest caution when recommending preoperative vitamin D supplementation based solely on observational data.
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Introduction
Thyroidectomy is the most frequently performed endocrine surgical procedure in the world [1]. Almost all of total thyroidectomy complications occur as a result of postoperative hypocalcemia [2]. Symptomatic temporary hypocalcemia is usually mild and transient, however permanent hypocalcemia could occur in almost 16% of patients [3], and is associated with prolonged hospital stay, reduced quality of life, and an increased use of resources. Advanced age, female sex, hyperthyroidism, inadvertent resection of the parathyroid glands, and low preoperative vitamin D levels have been suggested as risk factors for the development of postoperative hypoparathyroidism [4].
Vitamin D deficiency is frequent and asymptomatic because of a mix of poor dietary intake of Vitamin D-rich foods, malabsorption and inadequate exposure to natural sunshine. Individuals with vitamin D deficiency are more likely to develop hypocalcemia following thyroidectomy and several researchers have suggested preventive calcitriol and calcium treatment before surgery [5]. In a recent systematic review [6], we demonstrated that there is a threshold effect in the classification of vitamin D deficiency, which influences its association with postoperative hypocalcemia. Other factors to explore are differences in study design and methodological quality. There is considerable evidence in the literature that retrospective and observational studies inform a greater association between causal variables and outcomes than prospective and experimental studies [7]. Besides, studies having a high risk of bias are more likely to provide statistically significant results than those with a low risk of bias [8]. This support investigating this aspect as a possible moderator of the relationship between vitamin D deficiency and postoperative hypocalcemia.
Aims
The purpose of this study is to identify that study design characteristics are moderators in the causal association between preoperative vitamin D deficiency and the incidence of biochemical hypocalcemia in patients having total thyroidectomy. The present analysis builds upon a previously published systematic review but addresses specific methodological dimensions, such as study design, risk of bias, and the distribution of statistically significant outcomes, that were not prespecified or explored in the original protocol.


Methods and Material
This is a study that does not use patient data, and no evaluation by the research ethics committee was necessary. The methodology for this study was detailed in a previous publication, which examined the threshold effect in identifying vitamin D deficiency and its impact on the occurrence of hypocalcemia [6]. A systematic review of the literature was conducted following the Cochrane Collaboration and PRISMA methodology guidelines. Studies that described the preoperative measurement of vitamin D in adult patients undergoing total thyroidectomy and investigated its association with the development of postoperative hypocalcemia were included. There were no limitations on the publishing date, language, design, number of patients studied, or type of publication. Vitamin D levels were measured before surgery, as well as biochemical post-operative hypocalcemia using the study-specific method. The literature search included Medline, EMBASE, Google Scholar and LILACS databases, Finally, the selected studies were evaluated, and those that met the inclusion criteria were included. Data about methodological characteristics of the studies and the clinical characteristics of the patients were collected. The Quality In Prognosis Studies (QUIPS) instrument was used to assess the methodological quality of the studies. The RevMan 5.3 software was used (Review Manager (RevMan) [Computer program]. The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, 2014). For dichotomous outcomes, results were expressed as odds ratio (OR) with 95% confidence intervals using a random effects model. A subgroup analysis based on study design (prospective or retrospective), global methodological quality and domains from the QUIPS instrument was made to investigate the effect.
Statistical heterogeneity was estimated using the Higgins I2 statistic. The results of the intervention effects are illustrated with a forest plot graph.

Results
After literature review 28 studies published between 2007 and 2022 were included [9-11,2,12-18,3,19-34]. The overall analysis included 4994 patients, categorized into two groups: 2256 with sufficient vitamin D levels and 2738 with vitamin D deficiency.
Study design
Nineteen studies (67%) had a prospective design [9,2,12-18,3,20-22,25-27,31-33], whereas the remainder were retrospective. Both types of designs found an association between vitamin D deficiency and postoperative hypocalcemia, but the magnitude of the effect was smaller in prospective studies (OR = 1.95 (1.28-2.97) vs. retrospective studies (OR = 2.18 (1.02-4.7)), though this was not statistically significant (p for subgroup differences = 0.8). (Figure 1).
[image: Fig. 1.]
Fig. 1. Forrest plot comparing biochemical hypocalcemia and Vitamin D deficiency according to study design.


Risk of bias
The overall risk of bias of the studies included was suboptimal, with 17 (60%) falling into the high risk of bias group [9-11,2,13,18,3,23,27-30,32-34,14,21]. Studies with a high risk of bias found an association between vitamin D deficiency and postoperative hypocalcemia (OR 2.55 (95% CI 1.40-3.63), but those with a moderate or low risk showed no such association (OR 1.71 (95% CI 0.96-3.06), although this difference was not statistically significant (p for group comparison =0.48) (Figure 2).
[image: Fig. 2.]
Fig. 2. Forrest plot comparing biochemical hypocalcemia and Vitamin D deficiency according to study risk of bias global evaluation.

Twenty-five percent of the studies were judged to have a high risk of bias in the study participation domain, 36% in the study attrition, 46% in the study confounding and 29% in the statistical analysis domain (Table 1).
Table 1. Evaluation of Risk of Bias Using the Domains of QUIPS Tool
	Study	1. Study Participation	2. Study Attrition	3. Prognostic Factor Measurement	4. Outcome Measurement	5. Study Confounding	6. Statistical Analysis and Reporting
	Abdollahi	High	Low	High	Low	High	High
	Alkhalili	High	High	Low	Low	High	High
	Alkhatib	High	High	Low	Low	High	Moderate
	Cherian	High	High	Low	Low	High	Moderate
	Daglar	Low	Low	Low	Low	Moderate	Low
	Diez	Moderate	Low	Low	Low	High	Low
	Dugani	Low	Low	Low	Low	High	High
	Erbil 2007	Low	Low	Low	Low	Moderate	Low
	Erbil 2009	Low	Low	Low	Low	Moderate	Low
	Griffin	Low	Low	Low	Low	Moderate	Low
	Khazaii	Moderate	Moderate	Moderate	Low	High	High
	Kim	Low	High	Low	Low	Moderate	Low
	Kirbi	Moderate	Moderate	Low	Low	Moderate	Moderate
	Lang	Low	Low	Low	Low	Low	Low
	Layegh	Low	Low	Low	Low	High	High
	Lee	Low	Low	Low	Low	Moderate	Low
	Lin	Moderate	High	Low	Low	Moderate	Low
	Malikarjuna	High	High	Low	Low	High	High
	Manzini	Low	Low	Low	Low	Low	Low
	Martin	Low	Low	Low	Low	Low	Low
	Pradeep	Low	Low	Low	Low	High	High
	Qi	Moderate	High	Low	Low	High	Moderate
	Rubin	High	High	Low	Low	Moderate	Low
	Saibene	High	High	Low	Low	Moderate	Low
	Soares	Low	Low	Low	Low	Low	Low
	Wang	Moderate	High	Low	Low	Moderate	Low
	Yamashita	Low	Low	Low	Low	High	High
	Zhang	Low	Low	Low	Low	High	Moderate
	Number of high risk of bias studies	7	10	1	0	13	8
	%	25%	36%	4%	0%	46%	29%



The confounding domain revealed the most frequent flaws. There were significant shortcomings in the identification, definition, and measurement of potential clinical confounders (need for neck dissection) and co-interventions (use of autologous parathyroid transplantation, routine postoperative calcium administration), as well as the methods employed to adjust for the association. This is also relevant to statistical analysis and reporting, as the statistical studies did not apply adjustment models to test the causal association's independence. Studies with a confounding domain assessed as low/moderate risk of bias reported no link between vitamin D deficiency and hypocalcemia (OR 1.50 (95% CI 0.99-2.28) versus 2.92 (95% CI 1.55-5.51) (Figure 3).
[image: Fig. 3.]
Fig. 3. Forrest plot comparing biochemical hypocalcemia and Vitamin D deficiency according to study risk of bias domain confusion. 

The attrition study domain major flaws were an inadequate description of the response rate, the lack of attempts to acquire information from patients who dropped out of the trial, and the description of the causes and characteristics of these patients. Studies with a low/moderate risk of bias in the study attrition domain demonstrated an association between hypocalcemia and vitamin D deficiency (OR 2.17 [95% CI 1.37–3.42] vs 1.84 [95% CI 0.94–3.60]) (Figure 4).
[image: Fig. 4.]
Fig. 4. Forrest plot comparing biochemical hypocalcemia and Vitamin D deficiency according to study risk of bias domain attrition.

Finally, in terms of selection bias, the most significant weaknesses were an inadequate description of the method used to identify the population, a lack of definition of specific inclusion and exclusion criteria, and a lack of information about eligible individuals' participation. Studies categorized into a low/moderate risk of bias participation domain showed an association between vitamin D deficiency and hypocalcemia (OR 2.06 [95% CI 1.41–3.01] compared to 1.81 [95% CI 0.62–5.28]) (Figure 5).
[image: Fig. 5.]
Fig. 5. Forrest plot comparing biochemical hypocalcemia and Vitamin D deficiency according to study risk of bias domain participation.



Discussion
We previously demonstrated the existence and impact of the threshold effect in defining vitamin D deficiency on its association with postoperative hypocalcemia [6], where a lower threshold corresponds to an increased incidence of hypocalcemia. Nonetheless, there are other aspects in the original studies, which have not been well assessed and may influence the strength of this association [5,11,17,35].
The literature provides information about the overestimation of association estimates in observational research compared to randomized clinical trials. Nonetheless, in causality research, employing a randomized approach is unfeasible due to clinical or ethical considerations. Consequently, other components of observational research design are pertinent, including direction (cohort or case-control studies), temporality (prospective vs retrospective), and risk of bias assessment. Cohort studies are superior to case-control studies due to the potential for improved data quality and lower susceptibility to biases, such as recall bias. This systematic review predominantly includes cohort studies, which improves the reliability of the results relative to other observational designs.
The relationship between the prospective or retrospective design of cohort studies and the risk of bias is among the most extensively examined methodological issues [36]. Prospective cohort studies are thought to be of greater quality than retrospective studies because they provide more exact control over the collection of causal variables, co-interventions, and outcomes while also ensuring the temporal link between exposure and outcome. However, this comes at the expense of a longer research time and the inability to collect an adequate number of subjects when outcomes are extremely infrequent [36]. Nonetheless, elements such as variability in the definitions of prospective versus retrospective studies and adequate compliance with additional factors, including the thorough collection of primary data, pertinent confounding variables, and appropriate statistical adjustments, indicate that the study design alone does not ensure high methodological quality [37]. Although this study included 67% of retrospective cohorts, it found that the design was not a statistically significant methodological factor in the relationship between vitamin D insufficiency and postoperative hypocalcemia. However, prospective studies had a lower effect size (OR 1.95 vs 2.18). This data suggests that while there is an association between vitamin D deficiency and hypocalcemia, its extent may be influenced by design considerations, indicating that future research should account for this condition to mitigate the possibility of overestimation.
The overall assessment of the risk of bias is an important component in the critical interpretation of observational study results [8]. A high risk of bias compromises the study's internal validity by adding distortions that might change the magnitude, direction, or even the presence of an association between exposure and result, establish false associations, or mask true effects. Even when the results are statistically significant, the study's ability to establish accurate causal conclusions is limited by the significant risk of bias.
Nineteen studies included in this systematic review were identified as having a high risk of bias, and it was possible to show that the association between vitamin D deficiency and postoperative hypocalcemia varies between studies with different methodological quality. This finding jeopardizes the established association between these two factors.
A more comprehensive review of the QUIPS domains that assessed the risk of bias provided some reasons. First, the most common weakness in primary research was adjustment for confounding factors. This bias happens when a variable has an association to both the exposure and the outcome without being part of the causal pathway, resulting in inaccurate estimations of the real effect. These deficiencies threaten the validity of impact estimates [38]. Gao et al. [39], examined 162 observational studies published between 2018 and 2023 and discovered that only 6.2% adopted the suggested approach of confounder correction for each exposure-outcome association. In this review, studies that did not adequately adjust for clinical factors reported significantly stronger associations between vitamin D deficiency and hypocalcemia (OR 2.92; 95% CI: 1.55–5.51) than those with a low or moderate risk of bias in the confounding domain, where the association was inconclusive (OR 1.50; 95% CI: 0.99–2.28).
This study also found flaws in both selection and attrition bias [40]. In terms of selection bias, typical issues included a lack of a clear description of the population identification process, poorly defined inclusion and exclusion criteria, and insufficient information on eligible persons' participation. These methodological flaws could threaten the study's representativeness and provide erroneous associations if the inclusion probabilities are related to exposure or outcome. Studies with a low or moderate risk of bias in this area found a stronger link between vitamin D insufficiency and hypocalcemia (OR 2.06; 95% CI: 1.41-3.01) than those with a high risk (OR 1.81; 95% CI: 0.62-5.28). On the other hand, attrition bias was characterized by an inadequate description of the response rate, the absence of attempts to reach patients who fell out of follow-up, and a lack of information on the causes and characteristics of these losses. This omission may generate bias if patients who do not finish the research differ significantly from those who do. In fact, studies with a lower risk of attrition bias found a stronger association between hypocalcemia and vitamin D deficiency (OR 2.17; 95% CI: 1.37-3.42) than those with higher risk (OR 1.84; 95% CI: 0.94-3.60) [41]. The findings of this study [6] indicate flaws in fulfilling some of requirements as size of the effect, specificity and experimental proof [5] and call into question the causal hypothesis between vitamin D deficiency with post-thyroidectomy hypocalcemia. They may also explain why trials evaluating preoperative prophylactic administration of vitamin D to prevent postoperative hypocalcemia have reached divergent conclusions [42]. Finally, it is a source of information that can be utilized to develop new research that addresses the flaws of existing ones.
The current study has various limitations due to its design as a secondary analysis of a systematic review, as it was not originally designed with the current research issue in mind. However, the primary review followed current recommendations for this type of study. Potential interactions between the domains used to assess risk of bias were also not investigated, making it impossible to determine which of these domains is more prominent.

Conclusion
This analysis demonstrates that the methodological quality and design of observational studies have an important influence on the magnitude of the established association between vitamin D insufficiency and postoperative hypocalcemia. Although a tendency toward a positive association is evident, it is more prominent in studies with a high risk of bias and retrospective designs. These findings stress the importance of caution when interpreting existing results in conjunction with development of new research with prospective designs, confounding control, and a comprehensive assessment of bias risk. Clinical decisions for vitamin D supplementation in the surgical setting should be based on individual clinical judgment rather than a presumption of causality.
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