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Abstract Preterm delivery can precipitate maternal psycho-
logical morbidities. Family Nurture Intervention (FNI) was
designed to minimize these by facilitating the emotional con-
nection between mother and infant, beginning early in the
infant’s neonatal intensive care unit (NICU) stay. We exam-
ined depression and anxiety symptoms of mothers of preterm
infants at 4 months infant corrected age (CA). One hundred
fifteen mothers who delivered between 26 and 34 weeks ges-
tational age were randomized to receive standard care (SC) or

standard care plus FNI. Mothers’ self-reported depressive
symptoms (Center for Epidemiologic Studies Depression
Scale: CES-D) and state anxiety (Spielberger State-Trait Anx-
iety Inventory: STAI) symptoms were assessed at enrollment,
near to term age, and 4 months (CA). At 4 months CA, mean
CES-D and STAI scores were significantly lower in FNI
mothers compared to SC mothers. Effectiveness of FNI can
only be evaluated as an integrated intervention strategy as it
was not possible to control all aspects of FNI activities. Al-
though there was considerable loss to follow-up, analyses
suggest that resulting biases could have masked rather than
inflated the measured effect size for depressive symptoms.
FNI may be a feasible and practicable way to diminish the
impact of premature delivery on maternal depressive and anx-
iety symptoms.
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Introduction

The prevalence of postpartum depression following a prema-
ture delivery has been estimated between 28 and 70 % (Davis
et al. 2003; Miles et al. 2007; Younger et al. 1997). Anxiety
symptoms are also elevated following premature delivery
(Misund et al. 2013; Singer et al. 1999). Infants born prema-
turely can have prolonged hospitalization in the neonatal in-
tensive care unit (NICU), and the resulting physical separation
can adversely affect the emotional well-being of both mothers
and infants (Aylward 2005; Moster et al. 2008). Symptoms of
maternal depression and anxiety have been related to concerns
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about the infant’s appearance and condition (Singer et al.
1999), feelings of guilt about not carrying to term (Brett
et al. 2011), and fears for the infant’s survival (Aagaard and
Hall 2008; Cho et al. 2008; Johnson 2008). Additionally,
women report decreased confidence in their role as mothers
(Aagaard and Hall 2008; Woodward et al. 2014). These neg-
ative affective states can persist well beyond the time of the
infant’s discharge home (Garel et al. 2007; Vigod et al. 2010)
and have even been reported at 7 years following birth
(Treyvaud et al. 2014).

In preterm infants, cognitive development and behavioral
outcomes negatively correlate with maternal depression and
anxiety (McManus and Poehlmann 2012; Zelkowitz et al.
2011). These conditions can be detrimental to the initiation
of maternal behavior and the maintenance of dyadic relation-
ships (Field 2010; Tietz et al. 2014). Depressed and anxious
mothers have trouble interacting with and responding to cues
from their preterm infants (Forcada-Guex et al. 2006). These
mothers tend to be less sensitive and responsive, providing
less language input and attention to their infants’ specific
needs (Feeley et al. 2005; Korja et al. 2008; Zelkowitz et al.
2009). Early mother-infant interactions following term birth
are critical factors in child development (Forcada-Guex et al.
2011; Hofer 1994; Meijssen et al. 2011) and are of great rel-
evance for premature infants due to their increased vulnerabil-
ity to cognitive, socio-emotional, and behavioral difficulties
(Feeley et al. 2005; Landry et al. 2003). Enhanced sensitivity
and responsiveness between mothers and preterm infants can
lead to better long-term outcomes in cognitive and social de-
velopment (Feeley et al. 2005; McManus and Poehlmann
2012; Poehlmann et al. 2012). Work by others suggests that
promoting more optimal parent-infant interactions through an
educational and behavioral intervention may lead to reduc-
tions in post-discharge maternal depression and anxiety
(Melnyk et al. 2008). The current study tests another ap-
proach. Family Nurture Intervention (FNI), described previ-
ously (Welch et al. 2012), is based on animal and human
research, which has identified key roles of olfactory, sensori-
motor, and nurturing activities in the development of normal
mother-infant relationships (Hofer 1975, 1994, 1996; Myers
et al. 1989a, b). We have demonstrated that FNI is safe and
feasible to implement in the NICU (Welch et al. 2013) and that
electroencephalographic activity at term age is increased in
infants who received FNI compared with those having stan-
dard NICU care (Welch et al. 2014). As compared with other
interventions in this patient population, this is the first trial to
assess the effects of facilitated affective communication be-
tween mother and infant using a randomized controlled trial
design and which initiates mother-infant interactions early in
the NICU stay while the infant is confined to the isolette and
continues outside the isolette until discharge. The intervention
was designed to support maternal and family emotional con-
nections with their infant to promote physical, social,

emotional, and cognitive development by nurture specialist-
facilitated activities including odor cloth exchange, emotional
speech and touch, and holding. Our hypothesis was that the
intervention mothers would have lower levels of depressive
and anxiety symptoms post-discharge than mothers in the
standard care group.

Methods

Study design

A randomized controlled trial (RCT) was conducted with
mothers of very preterm infants admitted to the level IVNICU
at Morgan Stanley Children’s Hospital at Columbia Universi-
ty Medical Center. In an effort to minimize the effects of
separation of mothers and their infants during this critical pe-
riod, FNI was initiated as soon as clinically possible after birth
(mean of 7 days) and continued for the duration of the infants’
hospitalization. Infants were enrolled from January 2009
through June 2012.

Mothers eligible for the RCT had recently delivered a sin-
gleton or a set of twins between 26 and 34 weeks gestational
age (GA) who were free of congenital defects. Mothers were
≥18 years old; fluent in English; free of current or prior mental
illness, addiction, or substance use; and had access to social
support from at least one adult in the home. A total of N=115
mothers of N=150 infants were enrolled for prospective study
and randomized to either FNI or standard care (SC). FNI nur-
ture specialists worked with the (N=59) FNI group mothers,
their infants, and families to facilitate all aspects of the inter-
vention, while the (N=56) SC group mothers and infants re-
ceived standard patient care during their NICU stay.

Written informed consent was obtained from mothers for
their own and their infants’ participation. The study was ap-
proved by the Institutional Review Board of the Columbia Uni-
versity Medical Center, overseen by a Data Safety Monitoring
Board and registered at ClinicalTrials.gov (#NCT01439269).
FNI has been found to be safe and feasible (Welch et al.
2013) and to significantly increase frontal brain activity during
sleep at term corrected age (CA) (Welch et al. 2014).

Intervention

FNI is based on the hypothesis that adverse consequences of
prolonged separation of mother and infant following preterm
birth can be ameliorated by a dyadic intervention comprising
repeated experience with calming activities, as described pre-
viously (Welch et al. 2012). These activities occur during
calming sessions that are facilitated by nurture specialists,
former NICU nurses trained in implementing the FNI proto-
col. Calming session activities engage the mother and infant
reciprocally in physical, sensory, and emotional experiences.
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Each session was comprised of as many of the calming proce-
dures as possible. Prior to engaging in any of the FNI activities,
mothers and family members were instructed in infection pre-
vention procedures. Nurture specialists also involve and en-
gage family members in reassuring and calming the mother
and in providing continued support for her after discharge from
the hospital. The FNI calming procedures were as follows.

Scent cloth exchange Mothers were instructed to exchange
special 12-by-16-in. cotton cloths with their infants on a daily
basis. The mother’s scent cloth was worn close to her skin
overnight and was placed with the infant each day; the infant’s
scent cloth was placed in bed with the infant during the pre-
ceding 24 h and was taken home each day by the mother.

Calming touch Mothers were shown how to calm their infants
using firm sustained touch by placing both hands on the in-
fant’s torso or by cupping one hand around the infants’ legs
and feet and placing the other hand on the abdomen. While
engaging in calming touch, the nurture specialist prompted the
mother to communicate her thoughts and emotions to the in-
fant in her native language. During all of these activities, the
mother was encouraged to seek and maintain eye contact with
her infant as much as possible.

Holding When infants could be taken out of the incubator, the
nurture specialists assisted the mother to engage in skin-to-
skin or clothed calming sessions. Nurture specialists aimed
to facilitate holding sessions at least four times per week;
however, mothers were encouraged to engage in calming tech-
niques at all of their visits.

Although feeding is a critical mother-infant interaction,
feeding was not included as one of the facilitated mother-
infant activities because the NICU employed a feeding spe-
cialist for all mothers. However, the nurture specialists encour-
aged mothers to feed, change, and bathe their infants. Fathers
were also encouraged to engage in these activities.

Standard care Mothers in the SC group followed hospital pro-
tocol. SCmothers were able to engage in nurturing activities of
their choosing, which in this NICU included skin-to-skin or
non-skin-to-skin holding. These activities of SC mothers were
optional and not documented by the study staff; however, SC
mothers recorded these activities on a self-report visit log.

Psychological evaluation

Maternal psychological variables were assessed via self-re-
port. Standardized, validated instruments were completed by
study participants at enrollment, near to term age, and at the
infants’ 4-month CA follow-up visit.

The Center for Epidemiologic Studies Depression Scale
(CES-D) (Radloff 1977) was used to assess maternal

depressive symptoms. Mothers selected responses from a
Likert scale ranging from 0 (never) to 3 (almost always) for
each of the 20 items representing various manifestations of
depression, for a total scale score ranging from 0 to 60. A score
equal to or greater than 16 is typically considered a criterion for
referral (Radloff 1977). The CES-D has been widely used in
epidemiological and social science research and demonstrates
reliability and construct validity in evaluating depressive
symptoms in adult populations, including among mothers dur-
ing and after parturition (Ballantyne et al. 2013; Melchior et al.
2012; Miles et al. 2007; Phillips et al. 2010).

The Spielberger State-Trait Anxiety Inventory (STAI)
(Spielberger et al. 1970) was used to assess maternal anxiety
trait and state at enrollment and anxiety state at near to term
age and 4 months CA. This instrument comprises two 20-item
subscales, one for BState,^ a transitory response to a tempo-
rary stressor, and one for BTrait,^ a stable response style for
approaching life stress. Item responses range from 1 to 4
representing low (1=not at all) to high (4=very much) state
stress and rare (1=almost never) to frequent (4=almost al-
ways) trait stress, giving possible subscale scores between
20 and 80, following reverse coding. Construct validity has
been demonstrated for the state anxiety subscale through con-
cordance with the Anxiety Sensitivity Index (Peterson and
Reiss 1987), while strong correlation with both the Anxiety
Scale Questionnaire and Manifest Anxiety Scales (Tilton
2008) has provided evidence of concurrent validity for the
trait anxiety subscale. This instrument has been successfully
used among new mothers of both term and preterm infants
(Brandon et al. 2011; Dayan et al. 2006; Kikkert et al. 2010;
Neu et al. 2014). There is no standard cutoff for referral; how-
ever, we used a score of 30 as a threshold to signify elevated
levels of anxiety.

Behavioral Inhibition System and Behavioral Activation
System (BISBAS) (Carver 1994) scales were used to assess
maternal motivation systems at enrollment. This 24-item
Likert-style instrument assesses the activation systems of
drive (4 items), fun seeking (4 items), and reward responsive-
ness (5 items) (BAS subscales), as well as the inhibitory sys-
tem through a single 7-item BIS subscale (4 filler items are not
used for scoring). The personality traits measured by this in-
strument are correlated with anxiety and hence possible pre-
dictors of maternal adaptation to and capacity to withstand the
stresses associated with caring for a very preterm infant. These
trait scores were also included as potential predictors of re-
sponse to intervention. The BISBAS and trait STAI assess-
ments were included to assess possible group differences in
the mothers’ baseline psychological characteristics.

Data analyses

Using an intent-to-treat approach, comparisons were made
between mothers assigned to the FNI group and those
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assigned to the SC group, irrespective of the frequency or
duration of supported calming activity received. The FNI
and SC groups were compared with respect to baseline demo-
graphic characteristics using Student’s t test for continuous
measures and Pearson’s chi-squared or Fisher’s exact tests
for discrete variables, as appropriate. Descriptive statistics
were compiled for the dependent variables (CES-D; STAI),
by study group and follow-up visit. Group mean depression
and state anxiety scores were compared for all available re-
spondents at enrollment, near to term age, and 4 months CA.
Relationships between baseline and 4-month CES-D and
STAI scores were assessed by Pearson correlations. Statistical
analyses were conducted using SPSS Version 21.0 (IBM Cor-
poration, Armonk, NY).

Results

Randomization produced no significant differences between
SC (N=56) and FNI (N=59) families with regard to mothers’
and fathers’ age, race/ethnicity, education, or household in-
come at study entry (Table 1, Supplemental Table 1). Mean
Spielberger trait anxiety and BISBAS scores at enrollment are
presented by study group in Table 2. There were no significant
differences in these psychological measures. By term age, N=
30 (26%) families were no longer able to participate as a result
of infants’ transfer to other facilities (SC: N=4, 7 %; FNI: N=
4, 7 %), death (SC: N=1, 1.8 %; FNI: N=1, 1.7 %), withdraw-
al (SC: N=0; FNI: N=4, 7 %), or loss to follow-up (SC: N=
10, 18 %; FNI: N=6, 11 %). By 4 months CA, an additional
2.6 % (SC: N=1, 1.8 %; FNI: N=2, 3.4 %) of recruits had
been lost to follow-up (see Supplemental Figure 1). After
these losses to follow-up, there were still no significant group
differences in family demographics for mothers assessed
when infants were near to term age (SC: N=41; FNI: N=44)
or at 4 months CA (SC: N=40; FNI: N=42).

Similarly, infant clinical characteristics did not differ by
group at enrollment (SC: N=72; FNI: N=78), near to term
age (SC: N=54; FNI: N=57), or at 4 months CA (SC: N=
50; FNI: N=52) (Table 1, Supplemental Tables 1 and 2).
Across both study groups, families retained at 4 months were
similar to the baseline cohort with respect to parental age,
race/ethnicity, paternal education, and income, but mothers
who presented with their infants for the 4-month assessment
were significantly more likely to be married (χ2=7.82; p=
0.005) and better educated (χ2=8.28; p=0.016) than mothers
of infants who had transferred out, withdrawn, died, been lost
to follow-up, or failed to attend the scheduled 4-month follow-
up for reasons unknown to the investigators. Furthermore,
infants whose mothers were not assessed at 4 months did not
differ from those whose mothers were included in the
present study with respect to assessed clinical characteristics
(data not shown).

At enrollment, there were no significant differences in
mean self-reported depressive symptoms between groups.
However, at 4 months CA, average CES-D scores were sig-
nificantly lower in FNI mothers (t=2.12, p=0.038) (Fig. 1a).
Of the N=108 mothers who completed the CES-D at baseline,
38.3% (SC:N=20, 36%; FNI:N=24, 45%) rated themselves
at or above a 16-point cutoff to indicate possible clinical de-
pression (Radloff 1977). CES-D scores declined in both
groups over time (see Fig. 1a), but group comparisons at each
visit showed a progressive divergence in mean depression
scores over the follow-up periods. By 4 months, eight mothers
had scores that exceeded the 16-point depression cutoff; seven
of these were in the SC group (17.5 %) whereas only one
(2.5 %) was FNI (Fisher’s exact test p=0.028).

As was the case for CES-D depressive symptom scores,
mean state anxiety scores were significantly lower in FNI
mothers at 4 months CA (t=2.79, p=0.004); whereas at
baseline, neither the current state nor the more stable trait
anxiety scores differed by group (see Fig. 1b). At baseline,
57 % of SC mothers and 53 % of FNI mothers reported trait
anxiety scores greater than 30 (ns). Also at baseline, 70 % of
SC mothers and 71 % of FNI mothers reported state anxiety
scores greater than 30 (ns). At baseline, 36 % of SC mothers
and 43 % of FNI mothers had CES-D scores greater than 15
(ns). At the near to term age evaluations, the percentage of
women with state anxiety scores above 30 had declined
from 70 to 59 % of SC and from 71 to 41 % of FNI
mothers; this group difference approached significance
(χ2=2.64, p=0.10). Similarly, the percentage of women with
CES-D scores greater than 15 had declined from enrollment
to term age from 36 to 17 % for SC and from 43 to 9 % for
FNI; but the group difference at term age was not statisti-
cally significant. However, by the time of the 4-month CA
follow-up visit, the percentage of SC mothers reporting state
anxiety greater than 30 (53 %) was significantly higher than
that for FNI mothers (26 %; χ2=5.96; p=0.015). At
4 months, 18 % of SC mothers reported CES-D depressive
symptoms greater than 15 while only 3 % of FNI mothers
exceeded this threshold (χ2=5.00; p=0.025).

In additional analyses, STAI state anxiety scores for both
groups were found to be strongly correlated with CES-D
scores at baseline (r(df=106)=0.74, p<0.001) and at 4 months
(r(df=78)=0.67, p<0.001). As shown in Fig. 2, within-group
correlations were highly significant for both SC and FNI
(r(df=38)=0.65, p<0.001 and r(df=38)=0.68, p<0.001, respec-
tively) at the 4-month visit. Inspection of this figure reveals
that 7 of the mothers had CES-D scores at or above 16 and
state anxiety levels at or above 30; 6 of these were in the SC
group.Moreover, at 4 months, 72.5% (N=29) of FNI mothers
reported both CES-D and STAI state anxiety levels below
these cutoffs whereas only 42.5 % (N=17) of SC mothers
were within this lower depressive symptom and anxiety symp-
tom range (χ2=7.37, p=0.007).
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In the SC group, 28.6 % of the mothers were recorded as
attempting to breastfeed at least one time as compared to

37.5 % of the FNI mothers (χ2=1.02, p=0.32). Moreover,
there was no significant main effect of breastfeeding (Y/N)

Table 1 Demographic characteristics of mothers and infants retained at 4 months

Family characteristics SC (N=40) FNI (N=40)

Mean±SD Mean±SD t p

Mothers’ age (years) 33.8 (4.83) 33.9 (5.93) −0.045 0.964

Fathers’ age (years) 36.1 (5.93) 37.4 (7.41) −0.883 0.380

n (%) n (%) χ2 p

Married 30 (75.0) 32 (80.0) 0.287 0.592

Mothers’ ethnicity

Black 8 (20.0) 6 (15.0)

Hispanic 10 (25.0) 12 (30.0) 0.637 0.888

White 19 (47.5) 18 (45.0)

Other 3 (7.5) 4 (10.0)

Fathers’ ethnicity

Black 9 (22.5) 7 (17.5)

Hispanic 7 (17.5) 10 (25.0) 2.165 0.539

White 19 (47.5) 21 (52.5)

Other 5 (12.5) 2 (5.0)

Mothers’ education

High school or lower 4 (10.0) 3 (7.5)

Some college 7 (17.5) 7 (17.5) 0.160 0.923

Graduate or higher 29 (72.5) 30 (75.0)

Fathers’ education

High school or lower 8 (20.0) 9 (22.5)

Some college 6 (15.0) 7 (17.5) 0.216 0.898

Graduate or higher 26 (65.0) 24 (60.0)

Family income

<$40,000 8 (20.0) 6 (15.0)

$40,000–$70,000 2 (5.0) 8 (20.0) 5.272 0.153

>$70,000 28 (70.0) 22 (55.0)

Did not report 2 (5.0) 4 (10.0)

Infants: clinical characteristics SC (N=50) FNI (N=52)

Mean±SD Mean±SD t p

Gestational age (weeks) 31.0 (2.5) 30.7 (1.9) 0.680 0.498

Birth weight (g) 1538 (419) 1417 (326) 1.635 0.105

Length at birth (cm) 40.0 (4.1) 39.9 (3.0) 0.164 0.870

Head circumference at birth (cm) 28.6 (2.8) 28.2 (2.2) 0.921 0.359

n (%) n (%) χ2
df(1) p

Male 24 (48.0) 28 (53.8) 0.349 0.555

Singleton 30 (60.0) 27 (51.9) 0.674 0.411

Cesarean delivery 31 (62.0) 40 (76.9) 2.68 0.101

Resuscitated at birth 12 (24.0) 12 (23.1) 0.012 0.913

Placed on CPAP at delivery 49 (98.0) 48 (92.3) –a 0.363

≥7 at 1 min 40 (80.0) 39 (75.0) 0.365 0.546

≥4 at 1 min 45 (90.0) 48 (92.3) 0.169 0.681

Apgar scores

≥7 at 5 min 48 (96.0) 50 (96.2) –a 1.00

≥4 at 5 min 50 (100) 51 (98.1) –a 1.00

a Fisher’s exact test
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nor a significant interaction between breastfeeding and the
intervention group with regard to 4-month CES-D (p=0.13,
p=0.24) or STAI (p=0.24, p=0.94) levels. Similarly, CES-D
and STAI scores were decreased by FNI at 4 months, control-
ling for twin status (p<0.04 and p<0.02, respectively).

Skin-to-skin holding was encouraged in the FNI group, and
we reported previously (Welch et al. 2013) that FNI mothers

had more skin-to-skin holding sessions each week (2.0±0.17)
than did SCmothers (0.8±0.14 p<0.001). These sessions were
of longer duration (FNI 83±5; SC 63±4 min/session, p<0.01).
In the current study, those SC mothers who returned for the 4-
month visit engaged in skin-to-skin holding during their NICU
stay for an average of 331±83 min compared to 786±110 min
for FNI mothers (p<0.002). Across both groups, there was no
significant correlation between the total number of skin-to-skin
minutes and the CES-D or STAI scores at follow-up (p=0.77,
p=0.58, respectively). Moreover, the effect of FNI on reducing
depressive and anxiety symptoms at 4 months remained signif-
icant even when the number of skin-to-skin minutes was in-
cluded as a covariate (p<0.04 and p<0.01, respectively).

To determine the potential impact of selective subject drop-
out on the depressive symptoms and anxiety results, we com-
puted the baseline scores for mothers in each groupwho did and
who did not return for the 4-month visit. There were 53 FNI
mothers with baseline CES-D scores (14.2±1.1) and 55 with
baseline STAI scores (38.1±1.7). In the SC group, there were
55 mothers with baseline CES-D (14.0±1.3) and 56 with

Table 2 Baseline scores for maternal anxiety trait (STAI) and behav-
ioral approach and inhibition scales (BISBAS) by group

Baseline measures
(mean±SD)

Control
(N=49)

Intervention
(N=47)

t p

STAI: trait anxiety 33.2 (8.81) 32.8 (7.47) 0.287 0.775

BISBAS: drive 12.3 (2.69) 12.0 (2.28) 0.560 0.577

BISBAS: fun seeking 11.0 (2.14) 10.8 (1.94) 0.559 0.578

BISBAS: reward
responsiveness

17.1 (1.82) 17.5 (1.75) −1.019 0.311

BISBAS: behavioral
inhibition

18.7 (2.68) 18.7 (3.10) 0.079 0.937

Fig. 1 a Mothers in the FNI
group (shaded bars) had
significantly reduced depressive
symptoms compared with the SC
group (open bars) at 4 months
CA. b Mothers in the FNI group
reported significantly fewer
anxiety symptoms than those in
the SC group at 4 months CA
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baseline STAI (38.8±1.7) scores. Among mothers randomized
to receive FNI, there was no significant difference in mean base-
line CES-D scores between the 40 who did and the 13 who did
not return for assessment at 4 months (14.3±1.4 vs 13.9±1.4,
respectively), norwas there a significant difference inmean base-
line STAI scores for the 42 FNImothers who did and the 13 who
did not complete the STAI (38.2±2.0 vs 37.7±3.0, respectively).
However, in the SC group, the 15 mothers without a 4-month
CES-D had higher baseline depressive symptoms than the 40
with a 4-month CES-D (18.5±2.6 vs 12.3±1.5, respectively,
p=0.04). There was no significant difference in baseline STAI
scores between SC mothers who did not versus those who did
return at 4 months (39.2±3.1 vs 38.6±2.1, respectively).

To determine whether the mean 4-month CES-D score for the
SC group might have been higher had 15 mothers not been lost
to follow-up, we conducted correlation analyses of baseline and
4-month depressive symptoms. For the entire cohort, baseline
CES-D scores were correlated with those at 4 months (r=0.34,
p<0.002,N=80). However, within each group, these correlations
were significant only in the SC group. In the SC group (N=40),
the correlation between baseline and 4-month CES-D was 0.47
(p=0.002), but in FNI, this relationship was not significant
(r=0.26, p=0.11, N=40, Fig. 3a). Thus, it appears that
the mean CES-D scores at 4 months were unlikely to
have been affected by loss to follow-up in the FNI group but
may have been biased downward in the SC group.

We also conducted baseline to 4-month regression analyses
for STAI scores. As was the case for CES-D, across both
groups, we found that baseline STAI scores were correlated
with those at 4 months (r=0.45, p<0.001, N=82). Also, as
was found for CES-D, in SC mothers, the correlation between
baseline and 4-month STAI was r=0.67 (p<0.001, N=40),

but in FNI mothers, this correlation was not significant (r=
0.21, p=0.19, N=42, Fig. 3b).

Discussion

This study tested the hypothesis that FNI in the NICU would
decrease maternal symptoms of depression and anxiety pre-
cipitated by preterm delivery. We found that when mothers
and infants returned for follow-up at 4 months corrected age,
FNI mothers reported significantly reduced depressive symp-
toms and anxiety symptoms when compared to SC mothers.
Maternal depressive symptoms and anxiety scores in both

Fig. 2 STAI state scores were strongly correlated with CES-D scores at
4 months CA in both SC (green circles) and FNI (purple squares)
mothers. Group cutoff scores for depressive and anxiety symptoms are
indicated by the solid red lines. Note that predominantly SC mothers are
represented in the upper right quadrant of mothers having high levels of
depression and anxiety symptoms (six of seven)
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Fig. 3 Maternal depression and anxiety symptoms are correlated with
baseline scores for SC (green circles), but not FNI (purple squares)
mothers. a Depressive symptoms (CES-D) at 4 months are significantly
correlated with baseline CES-D in SC but not FNI mothers. b Anxiety
symptoms (STAI) at 4 months are significantly correlated with baseline
STAI in SC but not FNI mothers
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groups had been equally elevated at the time of their admis-
sion to the NICU, which is consistent with other studies (Mew
et al. 2003; Rogers et al. 2013; Vasa et al. 2014; Yurdakul et al.
2009). Early in the NICU stay, mothers are confronting the
reality of their new baby’s fragile appearance and condition
and are managing the ambiguity of their role in the NICU
setting. In addition, they are often fearful for the survival of
their babies.

Overall, when their infants were 4 months CA, both FNI
and SC mothers reported some reduction in depressive and
anxiety symptoms since their date of admission to the study,
as has been found in other studies of mothers after NICU
discharge (Brooten et al. 1988; Trause and Kramer 1983).
This would be expected since mothers have left the stressful
NICU environment and are able to care for their infant in the
comfort of their home. In addition, by this time point, the
infants are out of incubators and have gained weight, thus
increasing mothers’ confidence in the prospects of their in-
fants’ survival. However, at their infants’ 4-month CA visit,
although there was an overall decline in affective symptoms,
more SC than FNI mothers reported elevated levels of both
depression and anxiety symptoms. This is important develop-
mentally because young infants who have depressed mothers
demonstrate decreased positive affect even when interacting
with a non-depressed adult (Field et al. 1988). This impair-
ment of social interactions may place their infants at risk for
long-term deficits. Thus, reduction in depressive symptoms in
the mother at 4 months could be of clinical significance.

Maternal depression at 4 months postpartum is of develop-
mental importance in its own right and is predictive of depres-
sion throughout the first year (Pauli-Pott 2008). This is a period
when social skills blossom but undeveloped gross and fine mo-
tor skills limit forms of exploration to those embedded in
mother-infant interactions. Thus, 4 months is ideal for studying
face-to-face interactions as well as a time when mother-infant
interactions are compromised by concurrent maternal depression
(Beebe et al. 2011; Moszkowski et al. 2009). Furthermore, ma-
ternal depression at 4 months predicts fearfulness and toddler
anxiety (Gartstein et al. 2010) and negative parenting behavior
at 18 months (Bridgett et al. 2013). Moreover, the most robust
predictor of behavioral inhibition in infants at 14 months of age
were depression and anxiety measured at 6 weeks and depres-
sion at 4 months (whereas depression and anxiety at 14 months
were not associated with behavioral inhibition) (Mertesacker
et al. 2004). Maternal depression at 4, but not 8 months, may
impair sensitivity and reactivity to highly negative infants over
time (Moehler et al. 2007).

Several factors may account for the reduced maternal anx-
iety and depression symptoms in FNI mothers at 4 months.
Various activities of the intervention (scent exchange, vocal
soothing, comforting touch, eye contact, and emotional com-
munication) are specifically designed to enhance maternally
mediated sensory experiences of preterm infants, as well as

infant-mediated sensory experiences of the mother (Welch
et al. 2012). Taken together, these factors increase the likeli-
hood that the mother will emotionally connect with her infant,
the basis of an optimally co-regulated dyad.

The follow-up retention rates in the study were not as high as
we had hoped. Thus, there is a possible self-selection bias in the
results. Such a bias might have gone in either direction. That is,
one can think of reasons why mothers who took the time and
effort to come back for the follow-up session might have been
either more or less depressed thanmothers who declined follow-
up. Importantly, we found thatmothers and infants who returned
at 4 months had similar demographic characteristics, and their
infants had similar clinical courses when compared to thosewho
did not return at 4 months CA. In addition, analyses showed
there was no difference in baseline CES-D or STAI scores be-
tween FNI mothers who did or did not return at 4 months. In
contrast, SC mothers who did not return at 4 months had higher
baseline anxiety and depressive symptom scores than SC
mothers who did return. Moreover, baseline scores in SC
mothers were highly correlated with scores at 4 months.
Together, these results suggest that our findings would have
been even stronger had all mothers come back and the find-
ings would generalize to the RCT cohort as a whole.

Concurrent breastfeeding has been associated with de-
creases in maternal depression (Ip et al. 2009). However, it
is not clear from the literature whether a prior history of
breastfeeding of preterm infants during the NICU stay alone
also has a protective effect. We found that FNI did not alter
engagement in breastfeeding in the NICU and was not related
to the effects of FNI on reducing depressive and anxiety
symptoms at 4 months.

Feldman and colleagues reported that skin-to-skin holding of
prematurely born infants is associated with decreased maternal
depressive symptoms at term age, particularly in lower risk in-
fants (Feldman et al. 2002). We did not find a significant corre-
lation between the amount of skin-to-skin holding and maternal
depressive or anxiety symptoms at 4 months or at term age,
irrespective of infant body weight either less or greater than
1500 g (data not shown). However, it is important to recognize
that mothers in our study engaged in much less skin-to-skin care
than in the Feldman et al. study (26.6 vs 13.1 h in FNI and 5.5 h
in SC). Regardless, in our study, results from covariate analyses
showed that decreases in depressive and anxiety symptoms at
4 months were not related to the amount of skin-to-skin care.

A recent meta-analysis identified few effective interven-
tions that reduce maternal depression and anxiety following
preterm birth, and the results were generally of small magni-
tude (Kraljevic and Warnock 2013). However, a recent RCT
of a trauma-focused psychotherapy intervention (six to nine
sessions) in mothers of prematurely born infants found robust
decreases in maternal depression and anxiety at 6 months
(effect sizes=0.64 and 0.63, respectively) (Shaw et al.
2014). Effect sizes of FNI were of similar magnitude: 0.46
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and 0.63 for maternal depressive and anxiety symptoms at
4 months, respectively. It is remarkable that FNI, which is fo-
cused on encouragingmother and infant emotional connectivity,
was as effective at reducing post-discharge maternal depressive
and anxiety symptoms as the aforementioned intervention
which was specifically designed to target these outcomes. This
is encouraging because FNI can start soon after birth, evenwhen
the baby is confined to the incubator, and is designed to be
integrated into standard care administered by NICU nurses
and does not require addedNICU staff trained in psychotherapy.

Our parallel group RCT used a standard care (i.e., usual
care) group as control. While commonly used in RCTs, there
are limitations with this approach. First, there were no control
conditions employed for specific aspects of the intervention.
For example, the SC mothers and infants did not exchange
sham odor cloths, i.e., cloths not exposed to the infants and
mothers. FNI was designed to improve emotional connectivity
by normalizing, to the extent possible in the NICU, the
mother/infant experiences of each other. Accordingly, there
were multiple opportunities and modes of facilitated interac-
tions: odor exchange, soothing touch, vocal and eye contact,
as well as skin-to-skin holding. In this first trial of FNI, it was
not possible to include control manipulations for all activities
comprising the intervention. Thus, for the present, the effec-
tiveness of FNI can only be evaluated as an integrated and
comprehensive intervention strategy.

It is also possible that the effectiveness of the intervention,
even on long-term outcomes, was not related to specific as-
pects of the intervention but rather a more general effect relat-
ed to the special attention that the FNI mothers received. It is
important to note that the SC control group, while receiving
clinical care as usual, also received increased attention from
the study staff throughout their infants’NICU stay. SC control
mothers were aware that they were in a study and, prior to
their acceptance in study, agreed that they could be available
to meet on a regular basis with study staff, regardless of which
group they were assigned. Study research assistants met with
the SC control mothers each week to administer and collect
questionnaire information. These questions included tracking
when and for how long they visited as well as questions about
their activities during visits, for example, BHow long did you
hold your baby?^ Thus, while increased attention from study
staff could in part be responsible for effectiveness of the trial,
increased attention given to the control group may have actu-
ally contributed to smaller differences between the groups.
Even if the positive effects of FNI on reducing maternal de-
pressive and anxiety symptoms at 4 months were merely due
to participation in the protocol, this would indicate that rela-
tively simple changes in non-clinical activities in the NICU
can benefit these mothers and infants.

This study has several strengths. First, it is a randomized
controlled trial. Second, we found no systematic differences in
demographic characteristics of those who provided, versus

those who did not provide reports, at any time points: either
at the time of randomization, at the infants’ near to term age, or
at 4-month corrected age. Finally, following subjects to
4 months proved to be critical because we found that signifi-
cant effects of the intervention on maternal depressive and
anxiety symptoms did not emerge until this time point. Inter-
estingly, two other hospital-based interventions also demon-
strated delayed emergence of effects well beyond the period of
intervention (Melnyk et al. 2008; Shaw et al. 2014). It is pos-
sible that FNI mothers continue to engage in FNI nurture
behaviors post-discharge and that beneficial effects increase
with time. It is also possible that beneficial effects of the in-
tervention on the mother can only be manifest after the mother
and infant are safely united at home.

The FNI RCTwas designed to test the effect of this NICU-
based intervention on preterm infant neurodevelopment. Re-
sults from analyses of brain activity at term age give biological
support to the effectiveness of this approach (Welch et al.
2014). The present study demonstrates that FNI is also effec-
tive in alleviating self-reported depressive symptoms and anx-
iety in mothers of preterm infants at 4 months CA, well be-
yond the time when FNI mothers were engaged in the facili-
tated intervention. These results indicate that this early
hospital-based intervention, which is aimed at facilitating
mother-infant emotional connection, may be an effective
way to reduce maternal depressive and anxiety symptoms
during a crucial period of development of mother/infant co-
regulation. Reductions in maternal symptoms mediated by
FNI are of potential clinical significance to infant develop-
ment, as well as to maternal health.
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