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Background: Birth cohorts provided essential knowledge for clinical and public health decision-making. However, little is known about retention and determinants of attrition in these specific longitudinal studies, although characterizing predictors of attrition sets the path to mitigate its occurrence and to promote valid inferences. We systematically reviewed retention in follow-ups of birth cohorts of very preterm or very low birth weight infants and the determinants of attrition. PROSPERO registration number: CRD42017082672.

Methods: Publications were identified through PubMed®, Scopus, Web of Science, and Cochrane Library databases from inception to December 2017. Studies were included when reporting at least one of the following: retention at follow-ups, reasons for attrition, or characteristics of non-participants. Quality assessment was conducted using the completeness of the report of participation features in the articles. Non-participant's characteristics were presented using descriptive statistics. Local polynomial regression was used to describe overall retention trends over years of follow-up.

Results: We identified 57 eligible publications, reporting on 39 birth cohorts and describing 83 follow-up evaluations. The overall median retention was 87% (p25–p75:75.8–93.6), ranging from 14.6 to 100%. Overall, retention showed a downward trend with increasing child age. Completeness of retention report was considered “enough” in only 36.8% of publications. Considering the 33 (57.9%) publications providing information on participants and non-participants, and although no formal meta-analysis was performed, it was evident that participants lost to follow-up were more often male, had foreign-born, multiparous, and younger mothers, and with a lower socioeconomic status.

Conclusion: This systematic review evidenced a lack of detailed data on retention, which may threaten the potential use of evidence derived from cohort studies of very preterm infants for clinical and public health purpose. It supports the requirement for a standardized presentation of retention features responding to current guidelines.
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INTRODUCTION

During the last decades, improvements in obstetric and neonatal care led to an increase in the survival of very preterm (born before 32 complete weeks of gestation) or very low birth weight (<1,500 g) infants (1–3). However, these infants are at higher risk of developing short- and long-term health complications (4–6), the families face a high psychosocial and emotional burden (7, 8), and there is a significant societal impact due to continuing health care and educational needs (9).

Birth cohorts of preterm infants have been established since the late 1970s to quantify clinical outcomes, understand the determinants and consequences of prematurity, and provide data to support health policies. The longitudinal nature of this type of study affords a life-course approach that is crucial to elucidate and improve the long-term effects of being born preterm. However, as cohort studies require periodic contact and examinations, they demand from research participants a strong commitment along the life course and thus are more susceptible to attrition. Attrition occurs when initially recruited subjects fail to maintain their participation in a study following enrollment and hence are considered lost to follow-up (10). Described losses to follow-up on studies of very preterm infants indicate that low socioeconomic position, low maternal educational level, and high frequency of cognitive impairments and behavioral disorders in childhood may be the most likely determinants of attrition (11, 12), but there is still a gap of knowledge on this field.

Attrition can undermine the representativeness of the population of interest, bias the measured associations, and compromise the precision of the estimates, threatening internal and external validity of the study (13, 14). Therefore, improving the recruitment, tracking, and retention of the participants is crucial to guarantee the reliability of longitudinal studies, and several strategies have been discussed to maximize retention and keep the losses to a minimum. Incentives (monetary or other) and alternative methods of data collection have been described as feasible and associated with improved retention in follow-up evaluations (15, 16).

Despite the well-known potential for bias that non-random losses can entail, attrition is a frequently understudied and underreported phenomenon in epidemiological studies (17, 18). Thus, we systematically reviewed publications presenting data on retention in follow-ups of birth cohorts of very preterm or very low birth weight infants or determinants of attrition.



METHODS

We conducted a systematic search of the peer-refereed literature based on the approach recommended by the Preferred Reported Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement (19). The protocol for the review was registered in PROSPERO (Registration ID: CRD42017082672).


Search Strategy and Study Selection

Two search strategies were applied. First, PubMed®, Scopus, Web of Science, and Cochrane electronic databases were searched from inception to December 2017, to identify publications reporting retention in follow-up evaluations of birth cohorts of very preterm or very low birth weight infants. The search expression is provided in the systematic review flowchart shown in Figure 1. Second, reference lists of all publications selected for review were manually searched for additional studies. To clearly classify the relevant publications, we set the following definition of birth cohort: a representative sample of infants born during a particular and prespecified period of time, with enrollment during pregnancy, at birth or in Neonatal Intensive Care Unit, and with at least one follow-up evaluation.
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FIGURE 1. PRISMA systematic review flowchart. Search Expression—PubMed®: (participation OR “response rate” OR “response proportion” OR “follow-up rate” OR “follow-up proportion” OR “follow-up participation” OR “follow-up strategy” OR lost to follow-tip” OR “loss to follow-up” OR “retention rate” OR “retention proportion” OR “non-compliance” OR “non-response” OR “refusal” OR “attrition” OR “dropping out” OR “dropout” OR “drop-out” OR “reimbursement” OR “incentive” OR “motivation”) AND (“cohort” OR “prospective” OR “retrospective” OR “longitudinal” OR observational OR “population-based”) AND (“preterm” OR “premature” OR “prematurity” OR “low birth weight” OR “low birthweight”).


The eligibility criteria were as follows: (a) birth cohort studies; (b) participants born preterm, i.e., <37 weeks of gestational age or low birthweight, i.e., <2,500 g; (c) studies that provided at least one of the following: retention (or data to calculate it), attrition (or data to calculate it), reasons for attrition, and characteristics of non-participants. Letters to the editor, commentaries, case reports, and case series were excluded. Excluded studies also comprise those derived from networks, clinical follow-up programs, birth cohorts of specific health conditions, or those that use subsamples of the original birth cohort. We did not apply any restrictions on the types of exposures or outcomes studied.

To reduce the potential for reviewer bias, titles and abstracts of all identified records were independently screened by at least two authors (RT, ACQ, AIF, and EL) and checked for agreement. Subsequently, the full text of potentially relevant studies was read and independently screened for the eligibility criteria. Discrepancies in the study selection were resolved by consensus or were discussed with a third author (ACS or HB) for a final decision.

We measured interrater agreement to decide on titles and abstract screening using the Cohen's Kappa (20). The obtained coefficient indicated a good agreement between raters (κ = 0.745, p < 0.001).



Data Extraction and Quality Assessment

We defined a search expression focusing on preterm birth and low birth weight to maximize the search scope and thereafter the identification of relevant studies. However, we only extracted data from publications where information on very preterm (<32 weeks) or very low birth weight participants (<1,500 g) was reported. Data were extracted from each publication by two independent reviewers (RT, ACQ, AIF, and EL) and included the following: first author, publication year, country where the study was conducted, recruitment start year, baseline sample size, age at the follow-up (an approximate estimate of the length of follow-up in birth cohorts), retention, attrition, use of retention strategies [incentives (financial or other), reimbursements, reminders, strategies to keep in contact], reasons for attrition, and socioeconomic, demographic, and health-related differences between participants and non-participants.

Retention was defined as the number of participants retained at follow-up divided by the number of eligible participants and presented as percentage. We only extracted retention or attrition data from the content of the included publications, as such none of the references cited in the methods section of the included publications were investigated.

When two or more different publications described the same birth cohort and same follow-up evaluation, but reported different retention proportions, we selected the publication that reported the higher sample of eligible participants and/or the higher follow-up retention rate and excluded the others. This decision was taken to assure we were not selecting subsample studies. Such discrepancies in retention between publications might happen due to different eligibility criteria or different outcome assessed.

The completeness of the report of retention features was classified into one of three ordinal categories [adapted from Morton et al. (21): (1) “scarce information” (when only the retention proportion was reported or necessary data to calculate it); (2) “some information” (when studies provided retention plus data on the characteristics of non-participants or gave information about the reasons for attrition); or (3) “enough information” (retention and both data on the characteristics of non-participants and information about the reasons for attrition).

We hypothesized that the publication of the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) Statement (22) in 2007 could influence the degree of completeness of retention features in the publications reporting on the relevant cohorts, and therefore, completeness was compared by categories of publication year (≤2007, 2008–2010, ≥2011). The first 3 years after the STROBE Statement was included in an intermediate category to take into account the time needed to implement the guideline.



Data Synthesis and Analysis

General characteristics of the publications and birth cohorts were presented as counts and proportions for categorical variables. For continuous variables, we reported mean and standard deviation or median and percentile 25 and percentile 75 (p25–p75). Continuous variables were compared using Student's t, Mann–Whitney, or ANOVA tests, and the categorical ones were compared using a chi-square test, as appropriate. The strength of associations was measured using Pearson or Spearman coefficients of correlation, as appropriate. Our search strategy did not collect all follow-up evaluations performed by each birth cohort; thus, correlations and mean comparisons were performed using the retention in the earliest follow-up evaluation extracted by each birth cohort.

We performed mixed-effects models using a local polynomial regression between years of follow-up and retention proportion in each follow-up evaluation (time points), from all birth cohorts (random effects). Since the data are unbalanced, we applied this smoothing method in order to capture the potential relationship between those variables through a more flexible approach, allowing the data points themselves to determine the form of the fitted curve. The generalized cross-validation method was used to select the optimal bandwidth taking advantage of the procedure called “leaving-one-out,” where each observation is successively “left out” from the analysis in order to perform the optimal fit (23–25). This analysis was conducted using the fANCOVA and lme4 R package.

Reasons for attrition were listed as provided in the original papers and quantified as counts and proportions. The differences between participants and non-participants were examined taking into account the direction of the associations and the statistical significance.

Data analysis was performed using R® statistical software version 3.0.1 (2013) and the Statistical Package for Social Science for Windows (SPSS) version 23.0.0 (2015).




RESULTS


Publications Characteristics

The combined search strategy returned 6325 publications. After removing duplicates and title and abstract screening, 608 publications remained for full-text assessment. We removed 551 publications based on full-text evaluation, leaving 57 publications based on the inclusion criteria (Figure 1). These 57 publications corresponded to 39 birth cohorts, providing information for 83 follow-ups.

Thirty-two publications were from Europe [five from France (26–30), five from Sweden (31–35), five from Norway (36–40), three from The Netherlands (41–43), three from the United Kingdom (11, 44, 45), two from Denmark (46, 47), two from Germany (48, 49), two from Italy (50, 51), two from Finland (52, 53), one from Scotland (54), one from Austria (55), and one from Belgium (56)], seven from North America [five from Canada (57–61), two from the United States of America (62, 63)], 17 from Oceania [16 from Australia (64–79) and one from New Zealand (80)], and one from Asia [Taiwan (81)].

The completeness of retention report was considered as “scarce” in 5 publications (8.8%), “some information” in 31 (54.4%), and “enough information” in 21 (36.8%) (Table 1). Thirty-one articles (54.4%) were published after the STROBE initiative. However, there were no clear trends in the proportion of publications assessed as “enough information” by publication year [(≤2007), 34.6% vs. (2008–2010), 54.5% vs. (≥2011), 30%, p = 0.44].


Table 1. Overall characteristics of (a) publications included and (b) birth cohorts identified in the systematic review.
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Birth Cohort's Characteristics and Retention Features

The initial year of recruitment ranged from 1977 to 2011 (Table 2) with 27 birth cohorts (67.5%) having a multicenter recruitment (Table 1). The baseline sample size varied considerably, with a median of 405 participants (p25–p75: 254–707), ranging from 47 in a Norwegian cohort (39) to 3,964 in the French EPIPAGE 2 cohort (26).


Table 2. Identified birth cohorts and retention by follow-up evaluation.
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Considering the 83 follow-up evaluations identified, the overall median of retention was 87% (p25–p75: 75.8–93.6), ranging from 14.6% (49) to 100% (39). Twenty-seven publications (47.4%) reported follow-ups when participants where older than 5 years. No differences were found in retention by categories of age at follow-up: ≤2 years (87.2%; 95% CI, 81.7–92.8), 3–5 years (86.2%; 95% CI, 81.2–91.2), or >5 years (80.9%; 95% CI, 76.1–85.7) (p = 0.16). However, the fitting of a local polynomial regression revealed a decline of retention during the first 2 years of follow-up, with a slight recovery up to the 5 years, to consistently decline again during the upcoming years (Figure 2).


[image: Figure 2]
FIGURE 2. Best fit for retention along with follow-ups, all births cohorts (local polynomial regression), with 95% confidence bands.


No significant correlations were found between retention at first follow-up and year of recruitment (ρ = −0.13, p = 0.41) or baseline sample size (ρ = −0.2, p = 0.23). In addition, no clear differences were observed in mean proportion of retention between settings of recruitment [single 80.5% (95% CI, 70.4–90.7) vs. multicenter 88.2% (95% CI, 84.1–92.9), p = 0.08] or geographical regions [Europe 84.4% (95% CI, 79.6–89.1) vs. North America 86.2% (95% CI, 58.3–100) vs. Oceania 89.6% (95% CI, 74.6–100)], p = 0.62.

Any reference to retention strategies was present in three (5.2%) publications: one declaring “no incentives” (51), one declaring “financial incentives” (37), and another referring “other types of strategies” (26) such as offering test results, sending letters or newsletters, and keeping websites.

The reasons for dropping out were described in 36 (63.2%) publications, providing information on 46 follow-ups. The more frequently reported were refusal (n = 31, 86.1%), moving abroad (n = 14, 40%), and living too far (n = 4, 11%). Other reasons were referred in 20 follow-ups using such expressions as “not traceable,” “not possible to contact,” “lost,” and “the child was adopted.”

The comparison of participants and non-participants was provided by 33 (57.9%) publications, describing 40 follow-ups. Demographic characteristics were investigated in 28 follow-up evaluations (28/40; 70%), and differences were found in 19 (19/28; 67.9%). Non-participants tend to be more frequently male, born to multiparous, foreign-born, and younger mothers. Socioeconomic characteristics were analyzed in 23 (23/40; 57.5%) follow-ups, and differences were found in 14 (14/23; 60.9%). Attrition was more frequent among participants born to mothers with lower educational and lower socioeconomic status. Health-related characteristics were analyzed in 39 (39/40; 97.5%) follow-up evaluations, and differences were identified in 16 (16/39; 41.0%). Non-participants tend to present either the better (higher gestational age, lower frequency of bronchopulmonary dysplasia, chronic lung disease, or nosocomial infections) or the worse health conditions (poorer cognitive performance, higher frequency of brain injury, and overall disabilities) (Figure 3).
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FIGURE 3. Demographic (A), socieconomic (B), and health-related characteristics (C) of non-participants significantly different from participants as assessed in the 40 follow-up evaluations that reported these comparisons. IMD, index of mulitiple deprivation. *Please note that one follow-up often reported more than one characteristic.





DISCUSSION

This systematic review stresses a relevant lack of data and an inconsistent report of retention and its determinants. It suggests major implications to how findings from cohort studies are interpreted, which may lead to inappropriate decision-making in clinical setting. We identified 57 publications, corresponding to 39 birth cohorts that reported information on 83 follow-up evaluations with a median overall retention proportion of 87%. None of the baseline characteristics tested could explain the wide range of retention (14.6–100%) observed in the reviewed publications. In addition, no difference in retention proportion was found between categories of length of follow-up, although we could detect a downward trend during the first 2 years of child age and after 5 years. In general, we found that the publications lacked detailed information on features associated with retention; nearly two-thirds did not provide information on retention features, i.e., reasons for attrition and characteristics of non-participants.

The publications reviewed presented highly diverse birth cohorts, considering sample size, geographical region, year of recruitment, or ages at the follow-up. Since the abovementioned characteristics could not explain the wide range of retention identified, we expect that other features may have affected retention, namely, data collection methods (82). However, as this information was not consistently reported in the publications, we could not test its effect. Similarly, retention strategies were often not explicitly reported, making impossible to assess if retention was eventually influenced by any such strategies. Incentives, financial and others, have been reported to increase retention (15). Therefore, revealing the use of such strategies in a standardized way would be relevant to understand their potential contribution to mitigate attrition.

The observed downward trend in cohort retention during the first 3 years of follow-up must be interpreted cautiously since this decline was mainly due to one observation with low retention (11). Likewise, the lowest point around 10 years of follow-up was driven by the lowest retention proportion reported among all birth cohorts (49), which is explained by the ongoing status of the follow-up evaluation at the time of the article's publication. Still, the loss of participants with increasing child age can be clearly observed (Figure 2), indicating that the analysis over time may be impacted by the retention. This finding may be linked with the burden on participants and their families due to cumulative contacts, requests, and evaluations (83). Besides, our results pointed out that the most reported reason for attrition were secondary refusals, i.e., after initial agreement to participate. In addition, categories indicating difficulties to track participants (e.g., “not traceable,” “not possible to contact”) were found to have a considerable contribution to the overall reasons for attrition. Qualitative studies about the personal motivation for keeping participating and perceived effect of retention strategies may help to fill the gap of knowledge and further understand this trend.

Conceptually, losses to follow-up can be framed into three categories: missing completely at random (MCAR), in which the probability for a data point to be missing is completely random; missing at random (MAR), in which the probability for a data point to be missing is not related to the missing data, but it is related to some of the observed data; and missing not at random (MNAR), in which the probability of being missing varies for reasons that are unknown to the investigator (unobserved information or to the outcome variable). However, in practice, it is impossible to identify when loss to follow-up is related to unmeasured variables. In a simulation study investigating the statistical effects of attrition in cohort studies (84), the authors advised investigators to assume that loss to follow-up is MNAR and to try to achieve the maximum follow-up rate possible. In this systematic review, it was possible to verify that attrition in birth cohorts of very preterm infants tends to be selective. However, it is important to emphasize that our findings are limited by the lack of relevant information in about 40% of the included publications. The included publications reported differences regarding socioeconomic, demographic, and health-related characteristics. In general, where this information was reported, attrition was related to less advantage social conditions of the parents, such as lower maternal education and lower socioeconomic status. Additionally, being male, having a foreign-born, or younger mother more likely increases dropout, as described long ago (85). An earlier systematic review investigating neurodevelopmental impairment (including 24 cohorts of extremely preterm children— <1,000 g or born before 28 weeks of gestation) suggested that those lost to follow-up tended to be healthier than the participants (86), which might result from parents perception about their children being healthy and not needing to be followed. In this systematic review, there was a lack of uniformity in the impact of infants or children health-related characteristics and probability of non-participation. Few individual studies (85, 87) had earlier pointed the same paradox of extremes of better or worse health being more common in non-participants but more detailed information about parents and children's perception of the relevance to participate in long-term research seems needed.

Birth cohorts offer a unique opportunity to monitor early-life factors associated with variation in growth and development (88), becoming a valuable instrument to investigate the long-term effects of prematurity. However, these types of studies pose methodological challenges due to attrition, especially because it is not possible to replace those lost to follow-up since eligibility is linked to date of birth (82). The financial and time-consuming nature of a cohort study highlights the relevance of optimizing factors that contribute to quality and validity of the collected data. A review conducted on participation bias using three high-impact journals of epidemiology showed that non-response bias is often ignored or dismissed as negligible (18), which acquiesces with the lack of detailed information identified in the present systematic review.

When it comes to health policies translation, the present study raises concern, as it demonstrated that very few publications provided “enough information” on retention features in birth cohorts of very preterm infants, and this lack of information may blur the interpretation of the evidence and its usefulness. Even after the publication of the STROBE statement, the “completeness” of assessment did not increase in published work, contrary to expectations. By following STROBE recommendations, authors should ensure that retention features are reported with enough detail to allow readers to assess the validity of results. We stress that authors shall report the absolute numbers of participants: (a) potentially eligible, (b) examined for eligibility, (c) confirmed eligible, (d) included in the study, (e) completing follow-up, and (f) analyzed. Such detailed description will add value to any study by increasing its transparency and comparability, since retention might be inappropriately inflated if authors exclude individuals who have previously withdrawn, moved, or cannot be located.

This systematic review engaged in a comprehensive search without language or year of publication restrictions. Nonetheless, we screened publications initially based on the information provided in titles and abstracts; thus, we may have missed some relevant publications because they may only address retention features and attrition in the full text. Our inclusion criteria encompasses participants based on birth weight and gestational age, with no restriction regarding sample size or year of recruitment, which introduced heterogeneity between studies. However, restricting these criteria would have resulted in a limitation of the number of relevant publications included in this review. Finally, a paucity of data reported by the included publications and heterogeneity of birth cohort studies hampered a meta-analysis, occasioning a more descriptive profile of the present systematic review.



CONCLUSION

Conclusions were limited by the lack of detailed information on retention features, unexpected after 10 years of the release of STROBE statement and the evidence of threats to internal and external validity associated with attrition. Our results stressed a relevant shortcoming hindering the use of evidence derived from birth cohort studies of very preterm infants for clinical and public health purpose. We recommend a clear reporting of retention features through the consistent use of present STROBE statement or any newly revised version that further emphasizes the importance of detailed quantitative and qualitative information on retention. Besides, a culture of awareness, improvement, and transparency on reporting retention features should be continuously fostered by researchers conducting longitudinal studies.
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