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ABSTRACT
Background: Regression to the mean (RTM) is a statistical phenomenon where second measurements are more likely to be closer to the mean.
This is particularly observed in those with baseline values further from the mean. Anemic individuals (hemoglobin <120 g/L) are often recruited
when evaluating iron supplementation programs, as they are more likely to elicit a greater hemoglobin response; however, they are also at greater
risk for RTM as their baseline values are lower than the overall population mean.
Objective: The aim was to calculate and apply RTM to a previously conducted iron supplementation trial of women in Cambodia at increasingly
severe baseline anemia cutoffs (hemoglobin <120 g/L, <115 g/L, and <110 g/L).
Methods: Women received either 60 mg/d iron (n = 191) or placebo (n = 185) for 12 wk. Hemoglobin was measured at baseline and at 12 wk
(endline), and change in hemoglobin was calculated in each group for each cutoff. RTM was calculated in the placebo group at each cutoff and
applied to the change observed at each cutoff in the iron group to obtain the RTM-free effect.
Results: In the placebo group, mean change in hemoglobin increased as cutoffs became more extreme (0.9 g/L to 1.9 g/L in those with baseline
hemoglobin <120 g/L and <110 g/L, respectively). RTM estimates similarly increased: 1.0 g/L (<120 g/L), 1.3 g/L (<115 g/L), and 1.8 g/L
(<110g/L). When applying RTM to the iron group, we found that ∼10% of the “treatment effect” could be attributable to RTM at each cutoff.
However, iron supplementation was still effective in increasing hemoglobin, with an increased effect in those with lower baseline values, as proven
by the RTM-free effect at each cutoff: 8.7 g/L (<120 g/L), 10.9 g/L (<115 g/L), and 13.6g/L (<110 g/L).
Conclusions: RTM may have accounted for ∼10% of the observed change in hemoglobin following iron supplementation; however, appropriate
use of a placebo group in the statistical analyses of the trial controls for this potential RTM effect. Curr Dev Nutr 2020;4:nzaa152.
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Introduction

Regression to the mean (RTM) is a statistical phenomenon that was
first described in 1877 (1). The effect of RTM is highly probable when
repeated or pre- and posttest measures are taken in individuals above
or below a relevant clinical cutoff or set deviation from the population
mean (2). When there is a lack of perfect correlation between 2 mea-
sures due to biological or measurement variability, the second measure
is more likely to be closer to the mean (3, 4). This RTM effect is greater
when baseline levels are at the more extreme (high or low) ends of the
distribution or the further that individuals deviate from the mean (5).
In the absence of an appropriate placebo group (which accounts for
the effect of RTM in between-group statistical analyses), this can lead

researchers to misinterpret treatment or intervention effects when a sig-
nificant portion of, or the entire effect, may be due to RTM (5–7). Ad-
ditionally, to accurately estimate within-group treatment effects (e.g.,
RTM-free effects), RTM is calculated in the placebo group and then ap-
plied to the observed change in the intervention group. Misinterpreta-
tions due to RTM can have implications for the application of research
findings to clinical practice or public policy development.

While this phenomenon has been explored and analyzed in var-
ious disease states, such as osteoporosis (8), hypertension (9, 10),
hypercholesteremia (11, 12), and obesity (3), it has not been widely stud-
ied in other areas of nutrition research, such as nutritional hematology
or anemia. There are numerous examples of anemia and iron supple-
mentation clinical trials that have been conducted without the use of a
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placebo group and/or which recruit only anemic individuals, increas-
ing the possibility for misinterpretation of results due to an RTM ef-
fect (13–17). Overall, there is limited awareness among public health
officials, nutrition researchers, and clinicians of the importance of this
concept and the possible effect on anemia intervention results. Mis-
interpretation of intervention effects due to the presence of RTM is
prevalent in nutrition research, as clinical trials are often done in those
who are most “at risk” (with baseline values at the extreme ends of a
distribution) (2).

Hemoglobin concentrations are routinely measured as diagnostic
criteria for anemia (defined as hemoglobin <120 g/L in nonpregnant
women) (18). Anemia rates are commonly measured and reported as a
proxy of the nutritional status of a population, such as in national De-
mographic and Health Surveys and by the WHO. Further, recommen-
dations for country- or population-specific iron supplementation pro-
grams are largely based on the prevalence of anemic individuals (19),
whose hemoglobin concentrations may be most responsive to iron sup-
plementation, but who are also at higher risk of RTM. Additionally, it is
commonly believed that the effect of iron may be modified by baseline
iron and hemoglobin status (20); the extent to which RTM contributes
to this phenomenon is unknown. In studies of this nature, the calcu-
lation of an RTM-free effect can help illustrate the true intervention
effect.

The aims of the current study were as follows: 1) to apply the concept
of RTM to a previously conducted iron supplementation trial among
nonpregnant women in Cambodia (21) and quantify the effect of iron
on repeat hemoglobin measures in those with increasing severity of ane-
mia at baseline (hemoglobin <120 g/L, <115 g/L, and <110 g/L) and 2)
to apply RTM estimates to the treatment effect of iron on hemoglobin
for estimation of the RTM-free effect. We hypothesized that as base-
line anemia values became more severe, we would observe an increased
change in hemoglobin from baseline to 12 wk (endline), which may be
partially explained by RTM.

Methods

The original trial
The original trial took place in Kampong Chhnang Province, Cambodia
(2015), with ethics granted from the Clinical Research Ethics Board at
the University of British Columbia in Vancouver, Canada (H15–00933),
and the National Ethics Committee for Health Research in Phnom
Penh, Cambodia (110-NECHR). Full details for the original study
can be found elsewhere (21) and at clinicaltrials.gov (NCT02481375),
but in brief, n = 809 women were randomly assigned to daily oral
supplementation for 12 wk with either 60 mg elemental iron (n = 201;
iron group), 14 other micronutrients (n = 202), iron and 14 other
micronutrients (n = 206), or placebo (n = 200). Both participants and
researchers were blinded to the supplementation group allocations. The
study aimed to recruit anemic women [screened as anemic based on a
capillary blood sample tested with the HemoCue Hb 301 (HemoCue
AB)] who were otherwise healthy, nonpregnant, and aged between 18
and 45 y. Exclusion criteria included the use of medications or food sup-
plements in the previous 3 mo. Once enrolled, all women were treated
for possible helminth infection via a deworming tablet (500 mg meben-
dazole). Venous blood samples were obtained at baseline and at 12 wk

(endline) for measurement of hemoglobin concentration (grams/liter)
using an automated hematology analyzer (Sysmex XN-1000;
Sysmex Corporation). Although capillary samples were used to
enroll women who were suspected to have anemia, venous blood
samples measured by the automated hematology analyzer (the “gold
standard”) showed that only 58% of women were anemic at baseline
(21). To accomplish the aims of this research, anonymized trial data
from the placebo and iron groups were used.

Assessing the data for calculation of RTM
Prior to the calculation of RTM and RTM-free effects, several steps were
taken to assess the data in these 2 groups. First, only those with no
missing hemoglobin values (measured in venous blood using the hema-
tology analyzer) at baseline and 12 wk (endline) were included. One
participant was excluded from the placebo group who had a change
in hemoglobin of >20 g/L that could not be biologically explained.
Thus, a total of n = 185 from the placebo group and n = 191 from
the iron group were included in the final analyses. Second, the distribu-
tions of baseline and endline hemoglobin concentrations in the placebo
group were assessed (as the placebo group is used for calculation of
RTM); distributions were very slightly left-skewed (see Supplemental
Figure 1). Calculation of RTM using skewed data may underestimate
the RTM effect (22). However, if transforming the data leads to a loss
of interpretability, use of the original data can be justified, and CIs can
be used to help capture the variability around the true RTM estimate
(22). Given the loss of interpretability associated with transformation
in this case and the approximate normality of the data through visual-
ization, use of the original untransformed data in calculations, with the
presentation of 95% CIs, is justified.

Figures to visually examine RTM
Scatterplots and distribution plots were used to visually assess the data
for the occurrence of RTM in the placebo group. First, a scatterplot was
created to depict the change in hemoglobin from baseline to 12 wk (end-
line) against baseline hemoglobin, with a fitted regression line. Second,
a distribution plot of hemoglobin at baseline and 12 wk (endline), which
identifies participants who had a baseline hemoglobin further than 1 SD
above or below the group mean, was created to offer a visual demonstra-
tion of RTM upon repeated measurements in those with more extreme
baseline values.

Determining cutoffs for the calculation of RTM
The next step in the analysis was to “a priori” select a cutoff used to
calculate RTM. The cutoff allows calculation of RTM for all individu-
als with a baseline measurement above or below that value, and typ-
ically represents a high-risk or clinically relevant group (22). Three
cutoffs of increasingly extreme baseline hemoglobin values were cho-
sen: <120 g/L (cutoff for anemia for nonpregnant women, thus the
most clinically relevant), <115 g/L, and <110 g/L. By evaluating in-
creasingly extreme cutoffs, we were able to investigate whether RTM
increases in those with baseline values further from the group mean
(which would be expected); as baseline values become more extreme
from a clinical perspective (e.g., increased severity of anemia), and are
therefore further from the population mean, susceptibility to RTM in-
creases. Additionally, these cutoffs allow each cutoff group to maintain
a reasonable sample size for the statistical analyses (<120 g/L: n = 95;

CURRENT DEVELOPMENTS IN NUTRITION



Regression to the mean in anemia research 3

TABLE 1 Baseline characteristics of the study population1

Group
Placebo Iron

Total participants, n 185 191
Age, y 30 ± 8 31 ± 8
Hemoglobin, g/L 117.1 ± 12.1 115.5 ± 13.8

Median (IQR) 119 (78, 143) 118 (62, 143)
Anemia (Hb <120 g/L), n/total n (%) 95/185 (51) 115/191 (60)
Ferritin,2 μg/L 49.3 (15.1, 61.0) 54.3 (17.8, 81.4)
Iron deficiency (ferritin2 <15 μg/L), n/total n (%) 46/185 (25) 39/190 (21)
Iron deficiency anemia (ferritin2 <15 μg/L and Hb

<120 g/L), n/total n (%)
38/185 (21) 34/190 (18)

Genetic hemoglobin disorders, n/total n (%) 129/185 (70) 151/191 (79)
Inflammatory markers, n/total n (%)

Acute inflammation (CRP >5 mg/L) 4/185 (2) 9/190 (5)
Chronic inflammation (AGP >1 g/L) 13/185 (7) 15/190 (8)

1Values are means ± SDs or medians (IQRs) unless otherwise noted. Estimates are reported in those from the placebo and
iron groups with no missing baseline or endline Hb values, and exclusion of n = 1 participant in the placebo group with an
unexplained change in Hb >20 g/L. AGP, α1-acid glycoprotein; CRP, C-reactive protein; Hb, hemoglobin.
2Ferritin adjusted for inflammation using correction factors (25).

<115 g/L: n = 72; <110 g/L: n = 49). Although there is no required
sample size for calculation of RTM, as it is a nonparametric approach
that does not rely on an assumed distribution, the calculation does re-
quire use of parameters such as within- and between-group SDs, which
are altered by sample size. Additionally, the sample size of each cutoff
group in this study is similar to those in previously published reports
(2, 23). For those at each cutoff in the placebo group, the mean ± SD for
change in hemoglobin from baseline to 12 wk (endline) was calculated
and a paired t test was conducted.

Calculation of RTM and the RTM-free effect
The RTM effect was calculated in the placebo group, and then applied to
the iron group for estimation of the RTM-free effect. Given the random
allocation of participants to treatment groups, it is expected that RTM
would have occurred consistently across all study participants (23). The
RTM effect (estimate and 95% CI) for each cutoff in the placebo group
was calculated using the following formula, which has been previously
described in numerous reports (2, 22–24):

RTM effect = σ 2
w√

σ 2
w + σ 2

b

× G (z) (1)

Here σ 2
w is the within-subject variance, σ 2

b is the between-subject vari-
ance, and G (z) = φ(z)

1−�(z) , where φ(z) is the standard normal probabil-
ity density function and �(z) is the standard normal cumulative dis-
tribution function. As hemoglobin concentrations below the selected
cutoffs indicate high-risk, the z-score was defined as z = μ−c

σ
, where

c is the cutoff (120 g/L, 115 g/L, or 110 g/L), μ is the mean baseline
hemoglobin of the placebo group, and σ is the sum of within-subject
and between-subject variances (σ 2

w + σ 2
b ). Bootstrap CIs are presented

with point estimates to reflect variability in sampling. The RTM esti-
mate can be compared with the observed change in the placebo group
to assess how much of this unexplained variation (which is not due to a
treatment effect) may be accounted for by RTM.

To calculate the RTM-free effect in the iron group, the RTM es-
timate (from the placebo group) for each cutoff was subtracted from
the respective mean change in hemoglobin from baseline to 12 wk

(endline) at each cutoff in the iron group. Calculations were completed
in Stata 16.0 (StataCorp) and R version 3.6.3 (R Core Team 2020).

Results

Baseline characteristics of the study population are described in
Table 1. Overall, the mean ± SD age of women was 30 ± 8 y and >50%
of participants were anemic at baseline (hemoglobin <120 g/L based
on the hematology analyzer). Mean ± SD hemoglobin (grams/liter)
at baseline in the placebo and iron groups was 117.1 ± 12.1 and
115.5 ± 13.8, respectively. Greater than 20% of women had low iron
stores at baseline [inflammation-adjusted (25) ferritin <15 μg/L], ∼5%
had indication of acute or chronic inflammation [C-reactive protein
(CRP) >5 mg/L and α1-acid glycoprotein (AGP) >1 g/L, respectively],
and ≥70% had a genetic hemoglobin disorder (most commonly, the
hemoglobin E homozygous variant or α-thalassemia).

The presence of RTM is visually apparent in the placebo group as
per both the scatterplot (Figure 1) and distribution plot (Figure 2).
In Figure 1, women with more extreme baseline values (both high and
low), experienced a greater change in hemoglobin from baseline to
12 wk (endline) than those with baseline values closer to the group
mean. Further, the direction of change suggests that individuals at both
extreme ends of the distribution regressed towards the mean upon the
second measurement. In other words, women with lower baseline val-
ues experienced a greater positive change and women with higher base-
line values experienced a greater negative change. This is also evident
in Figure 2, as most women with baseline hemoglobin concentrations
>1 SD away from the mean travelled towards the group mean upon the
second measurement.

The mean ± SD of baseline, endline, and total change in hemoglobin
for women in the placebo group and P values for paired t tests of base-
line and endline values are presented in Table 2. Although, theoreti-
cally, minor consistent variation from baseline to endline should oc-
cur in the placebo group, change in hemoglobin increased and became
more statistically significant as the cutoff became more extreme. For
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FIGURE 1 Scatterplot of baseline hemoglobin against change in hemoglobin over 12 wk among women in the placebo group (n = 185).
Each point represents an individual participant from the placebo group and the solid line represents the fitted regression line for this
group.

instance, when no cutoff is applied, the mean change in hemoglobin
(grams/liter) in the placebo group is small (−0.51 ± 5.8) and not sta-
tistically significant (P = 0.881, paired t test); however, once baseline
hemoglobin values decrease below 115 g/L, the change becomes statis-
tically significant (P < 0.05, paired t test). As this group received no
treatment (iron), these results may be at least partially explained by
RTM.

In Table 3, we present RTM estimates and 95% CIs in the placebo
group, as well as the RTM-free effect in the iron group and the observed
change in hemoglobin (mean ± SD) in both groups at each cutoff
(<120 g/L, <115 g/L, and <110 g/L). RTM estimates in the placebo
group increase as the hemoglobin cutoffs become more extreme. When
comparing the RTM estimate with the mean change in hemoglobin
from baseline to 12 wk (endline) in the placebo group, it appears
that most (if not all) of the change at each cutoff is accounted for
by RTM. For example, those with baseline hemoglobin <120 g/L
experienced a mean change in hemoglobin of 0.9 g/L, and the RTM
estimate for this group was 1.0 g/L; thus, we speculate that the change
experienced in this group is likely due to RTM. In the iron group,
mean change in hemoglobin from baseline to endline also increases
as the cutoffs become more extreme (Table 3). However, when ap-
plying RTM estimates to the observed change in the iron group at
each cutoff, RTM did not account for the full treatment effect of iron;
the percentage of the treatment effect in the iron group that may be
due to RTM remained relatively consistent across all cutoffs (∼10%).
In other words, the RTM-free effect (e.g., genuine treatment effect)
of iron supplementation is ∼10% lower than the observed change
from baseline to 12 wk (endline) in the iron group. Nonetheless,
despite the occurrence of RTM in this study, iron supplementation
appears to have a genuine treatment effect on improving hemoglobin

concentrations, which increases in those with lower baseline
values.

Discussion

To our knowledge, this is the first study to report the effect of RTM on
repeated hemoglobin measurements (baseline and endline values) from
an iron supplementation trial. These findings indicate that RTM was
present and may have accounted for ∼10% of the treatment effect of iron
supplementation on increasing hemoglobin concentrations in the stud-
ied population. However, despite occurrence of RTM, iron supplemen-
tation was still more effective in those with lower baseline hemoglobin
concentrations, based on calculation of the RTM-free effect at increas-
ingly severe anemic cutoffs (hemoglobin <120 g/L, <115 g/L, and
<110 g/L).

When calculating RTM, it is assumed that any variation from base-
line to endline in the study outcomes among those receiving no inter-
vention is due to RTM (22). However, we acknowledge that there are
other factors that may have contributed to the increase in hemoglobin
concentration observed in the placebo group. First, all women in the
trial were provided with a deworming tablet at baseline. Women in the
placebo group who were positive for parasitic infection may have ben-
efited from this intervention, thus showing an increased hemoglobin
concentration after 12 wk. However, parasitic infection was not mea-
sured among women enrolled in the trial; therefore, we cannot ascer-
tain if this was indeed a potential cause of increased hemoglobin among
women in the placebo group. Any dietary changes throughout the in-
tervention, including seasonal food availability or motivation to im-
prove dietary habits (as a participant of a nutrition trial), may have also
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FIGURE 2 Distribution plot of hemoglobin concentration at baseline and 12 wk (endline) among women in the placebo group. Black
solid lines are set 1 SD away from the group mean. Black points represent individuals with baseline hemoglobin 1 SD below the mean,
white points represent individuals with baseline hemoglobin 1 SD above the mean, and gray points represent individuals with baseline
hemoglobin within 1 SD of the mean. Hemoglobin concentrations at baseline and 12 wk (endline) are displayed in the top and bottom
graphs, respectively. Individuals >1 SD away from the mean (e.g., black and white points) tended to travel towards the group mean upon
second measurement, demonstrating potential movement due to RTM. RTM, regression to the mean.

contributed to the observed increase in hemoglobin. Finally, our study
population had a high prevalence of genetic hemoglobin disorders
(≥70%). These inherited conditions result in decreased or defective
hemoglobin synthesis and function; thus, the hemoglobin response to
iron supplementation may be inherently altered in this specific disease
state (26). The placebo effect is unlikely to have played a significant
role, given the design of the trial (e.g., double-blinded design) and the
use of biochemical outcomes (21). Nonetheless, given our findings in
the placebo group that the change in hemoglobin became larger and
more statistically significant as baseline hemoglobin decreased (also ev-
ident in Figures 1 and 2), we are confident that RTM was present and
likely played a central role in the increase in hemoglobin observed in
the placebo group.

RTM estimates were calculated using within- and between-
individual variances and mean baseline and endline hemoglobin values
specific to our study sample. Large SDs for change in hemoglobin were
observed at all cutoffs in both the placebo and iron groups (Table 3).

We cannot ascertain why this occurred, but we speculate this may be
due to the high prevalence of genetic hemoglobin disorders in this
population (resulting in increased heterogeneity). In the original trial,
hemoglobin genotyping was ascertained for all participants, which in-
cluded hemoglobin electrophoresis for hemoglobin E (and other struc-
tural variants) and a StripAssay kit for α-globin gene deletions and point
mutations. A high prevalence of genetic hemoglobin disorders (most
commonly, the hemoglobin E homozygous variant or α-thalassemia)
was found, which is typical for the Southeast Asia region. As shown
previously in other analyses, the proportion of hemoglobin respon-
ders to iron supplementation is significantly altered by the presence
of a genetic hemoglobin disorder (21). However, rates of hemoglobin
disorders were similar between the placebo and iron groups (Table 1;
79% and 70%, respectively); thus, we expect that any contribution that
this had to the RTM estimation would be consistent across the full co-
hort. Nonetheless, given the large variation in hemoglobin concentra-
tions within this study, the RTM-free effect estimate would inevitably
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TABLE 2 Baseline and endline hemoglobin concentrations and overall change in hemoglobin concentration after 12 wk among
women in the placebo group1

Placebo2 n Baseline Hb, g/L Endline Hb, g/L Change in Hb, g/L P3

Hb cutoff
<110 g/L 49 101.5 ± 7.6 103.4 ± 10.4 1.9 ± 6.1 0.016∗
<115 g/L 72 104.9 ± 8.0 106.2 ± 9.9 1.3 ± 5.9 0.033∗
<120 g/L 95 107.8 ± 8.8 108.8 ± 10.1 0.9 ± 5.8 0.060

No cutoff 185 117.1 ± 12.1 116.6 ± 11.8 − 0.5 ± 5.8 0.881
1Values are means ± SDs. ∗Significant, P < 0.05. Hb, hemoglobin.
2n = 185 women were allocated to the placebo group; each “Hb cutoff” represents women with a baseline hemoglobin below that value; “no cutoff” reflects the complete
placebo group.
3P values obtained using a paired t test.

vary across individuals within a defined cutoff group, and therefore
RTM estimates should not be applied on an individual scale. The in-
clusion of 95% CIs helps to account for the uncertainty of the RTM
estimate.

Calculation of the RTM-free effect can be used to disentangle
whether there is true effect modification of an intervention based on
baseline status, or if the increased change in those with more extreme
baseline values is simply due to RTM (4). We found that, among women
who received iron, an increased change in hemoglobin from base-
line to endline was observed in those with lower baseline hemoglobin
values, which persisted after applying the RTM estimate when
calculating the RTM-free effect. From a physiological perspective, this
is feasible. Absorption of iron is notably influenced by iron status,
with an increased absorption among individuals with lower iron stores
(20, 27). Iron is essential for hemoglobin synthesis; thus, hemoglobin
is often used as a marker of iron status. A systematic review in-
cluding 41 randomized controlled trials that enrolled a healthy adult
population (men and women aged ≥18 y) investigated the effect of
iron supplementation on iron status (28). Iron was shown to have
a significantly greater effect on increasing hemoglobin in those with
iron deficiency anemia (hemoglobin <120 g/L and ferritin <15 μg/L)
as compared with those with solely iron deficiency or normal iron
status (28).

Strengths of this study include the large sample size and rigorous de-
sign of the original clinical trial, including random allocation to treat-
ment groups, double-blinding, and use of gold-standard methods for
hemoglobin measurement (automated hematology analyzer). Calcula-
tion of RTM may be limited by the use of slightly skewed data, as this has
been shown to underestimate the true RTM effect (22). Another possi-
ble limitation may include the generalizability of our results to popu-
lations outside of Southeast Asia (given the high prevalence of genetic
hemoglobin disorders in this region, as previously discussed), and given
that the study aimed to recruit only anemic women (the mean baseline
hemoglobin of all participants was <120 g/L). We only calculated RTM
in those with hemoglobin below clinically relevant cutoffs (determined
“a priori”); however, it appears that participants on both ends of the
distribution in the placebo group regressed towards the group baseline
mean of 117 g/L (Figure 2). As such, calculation of the RTM estimate
for those at the cutoff for anemia (hemoglobin <120 g/L) should be in-
terpreted with some caution, as this cutoff was higher than the group
mean (117 g/L) and may include individuals regressing both upwards
and downwards towards the group mean. In addition, as RTM estimates
are calculated using study-specific mean and variance values, estimates
may differ in a study of the general population with a higher popula-
tion mean, where participants are not recruited based on hemoglobin
status.

TABLE 3 Change in hemoglobin after 12 wk and RTM effects among women in the iron and placebo groups1

n
Change in Hb,

g/L
RTM estimate,
g/L (95% CI)

RTM-free effect,2

g/L (95% CI)

Percentage of
treatment effect
accounted for by

RTM3

Placebo4 185
Hb cutoff

<110 g/L 49 1.9 ± 6.1 1.8 (1.3, 2.2) — —
<115 g/L 72 1.3 ± 5.8 1.3 (1.0, 1.7) — —
<120 g/L 95 0.9 ± 5.8 1.0 (0.7, 1.2) — —

Iron group4 191
Hb cutoff

<110 g/L 56 15.4 ± 17.7 — 13.6 (13.2, 14.0) 11
<115 g/L 81 12.2 ± 16.2 — 10.9 (10.5, 11.2) 10
<120 g/L 115 9.7 ± 14.6 — 8.7 (8.5, 9.0) 10

1Values are means ± SDs unless otherwise indicated. Hb, hemoglobin; RTM, regression to the mean.
2RTM-free effect = mean change in Hb in iron group − RTM estimate, and 95% CI.
3The percentage of the treatment effect (%) in the iron group that may be accounted for by RTM as calculated as: RTM estimate/mean change in Hb in the iron group.
4n = 185 women were allocated to the placebo group, n = 191 women were allocated to the iron group.
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In conclusion, our findings indicate that RTM was present and did
impact the hemoglobin measurements in this iron supplementation
trial. The inclusion of a placebo group in the original trial design ap-
propriately controlled for this RTM effect in the statistical analyses
between groups and reflected accuracy in the published results (11).
However, our post hoc calculation of the RTM in this study highlights
the importance of the inclusion of a placebo group in future iron sup-
plementation trials (especially trials that aim to recruit anemic individ-
uals) to avoid misinterpretation of results. In order to accurately esti-
mate within-group treatment effects, one should calculate RTM within
the placebo group, and apply it to the observed change in the interven-
tion group, in order to ascertain the RTM-free effect. We estimate that,
for those who were anemic at baseline, the RTM-free effect of iron sup-
plementation on increasing hemoglobin concentrations after 12 wk is
∼10% lower than the observed change in hemoglobin. We are unable
to determine what effect this has from a clinical perspective (e.g., to es-
timate the number of individuals who would move from being classified
as anemic to nonanemic following application of RTM) given that RTM
estimates are applied to the full group and not on an individual scale.
Thus, whether a 10% reduction in the treatment effect of iron is clini-
cally meaningful to policymakers may depend on several other factors
and warrants further investigation. Our aim is that these findings will
help inform best practice in the field of nutritional anemia and highlight
the importance of appropriate trial design, including use of a placebo
group and randomization of participants to study groups, in order to
account for the influence of RTM. In cases where inclusion of a placebo
group is not possible, one can minimize the effect of RTM in the de-
sign phase (through use of repeated baseline measurements) or in the
analysis phase (using modified calculations for RTM estimation or AN-
COVA) (23).
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