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Early-life management routines are associated
with behavioral outcomes in companion dogs:
a cross-sectional study
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Abstract: Early-life experiences are considered crucial for behavioral development in dogs, although the role of
everyday management routines has received less attention than puppy socialization. To investigate the association
between early-life management practices and behavioral outcomes in companion dogs, an owner-based cross-sec-
tional questionnaire was completed for 79 dogs. Associations between early-life management variables and behav-
ioral outcomes were evaluated using chi-square tests and multivariable binary logistic regression. Leash reactivity
was the most common behavioral problem (48.1%), followed by noise sensitivity (35.4%) and hyperactivity (21.5%).
Gradual habituation to solitude during puppyhood was significantly associated with lower odds of separation-related
behaviors (OR = 0.062; 95% CI: 0.012-0.286; P < 0.001). Sleep management remained significantly associated with
leash reactivity after adjustment for age and sex (P = 0.001). In contrast, early socialization variables showed weak-
er or non-significant associations. Early management routines, particularly habituation to solitude and consistent
sleep management, may contribute to reducing the risk of specific behavioral problems. These findings highlight the
importance of integrating practical management recommendations with traditional puppy socialization programs.
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Introduction

Behavioral disorders represent one of the most common welfare concerns in companion dogs
(V. Gazzano & Ogi, 2020) and are among the leading causes of relinquishment (V. Gazzano et al.,
2025; Iacopini & Gazzano, 2023), reduced quality of life and, in severe cases, euthanasia (Dietz et
al., 2018; Hitchcock et al., 2024; Salonen et al., 2020). In addition to their impact on animal wel-
fare, behavioral problems may compromise the human-animal bond and represent an important
challenge for veterinary practitioners and owners alike (Barcelos et al., 2024; Dietz et al., 2018;
Merritt et al., 2025).

The first months of life constitute a sensitive developmental period during which puppies ac-
quire behavioral responses to both social and environmental stimuli (Dietz et al., 2018; Gaz-
zano et al., 2008a; Majecka et al., 2019; Stolzlechner et al., 2022). During this phase, experiences
with conspecifics, humans and novel environments contribute to shaping adult behavior. Con-
sequently, early-life experiences have long been considered fundamental determinants of behav-
ioral development, and appropriate puppy socialization has become a cornerstone of preventive
behavioral medicine (Cocco et al., 2025; Majecka et al., 2019; McEvoy et al., 2022).

Previous studies have focused primarily on the effects of early socialization, age separation
from the dam, and exposure to environmental stimuli (Gazzano et al., 2008b). These studies have
generally shown that inadequate socialization or inappropriate early experiences may increase
the risk of fear-related behaviors, aggression, and other behavioral disorders later in life. As a
result, current behavioral recommendations largely emphasize structured socialization programs
during the sensitive period (Dale et al., 2024; Dietz et al., 2018).

However, early behavioral development is likely influenced by a broader range of management
practices than socialization alone (Mai et al., 2021). Daily routines established during puppy-
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hood, including habituation to temporary social isolation (Holland et al., 2021), sleep manage-
ment and owner-guided behavioral routines, may contribute to the development of behavioral
self-regulation and coping strategies (Kinsman et al., 2024). Despite their potential importance,
these aspects of early management have received considerably less scientific attention than social-
ization, and evidence regarding their contribution to later behavioral outcomes remains limited.

The present study aimed to investigate the association between early-life management prac-
tices and specific behavioral outcomes in companion dogs using data collected through an own-
er-based questionnaire. We hypothesized that puppies exposed to more structured early man-
agement routines, particularly regarding solitude and sleep management, would show a lower
prevalence of behavioral problems later in life.

Materials and methods

Study design and participants

A cross-sectional observational study was carried out using an anonymous online question-
naire (Google Forms, Google LLC) addressed to owners of companion dogs, aimed at inves-
tigating the association between early-life management and socialization experiences and the
occurrence of behavioral problems in adulthood. The questionnaire was distributed through so-
cial media and word of mouth between March and May 2026. Participation was voluntary and
anonymous, and no incentive was offered. Owners were eligible to participate if they currently
owned, or had owned, a companion dog and were able to report on its early-life history and
current behavior. In households with more than one dog, owners were instructed to complete a
separate questionnaire for each dog, so that each response referred to a single animal. Question-
naires were fully completed by all respondents; no exclusions were necessary. All participants
were informed of the general aims of the study and of the anonymous, voluntary nature of data
collection, as stated in the introductory section of the questionnaire. No personally identifiable
information was collected. Consent to participate was implied by voluntary completion and sub-
mission of the questionnaire. Because participation was voluntary and fully anonymous, and no
sensitive personal data were collected, formal written informed consent and institutional ethical
approval were not deemed necessary.

Questionnaire structure

The questionnaire was organized around five thematic areas, without formal section breaks:
(1) demographic data and provenance of the dog (age, sex, neuter status, breed, source of ac-
quisition, age at acquisition, relationship with the dam); (2) motivation underlying the decision
to acquire the dog, including whether professional advice was sought prior to acquisition; (3)
activities and socialization experiences proposed to the puppy during the first three months of
life, including environmental exposure, intraspecific and interspecific socialization, and struc-
tured activities (e.g., walks, play, chewing activities, problem-solving games, puppy classes, dog
sports); (4) management of daily routines and living spaces, including habituation to solitude,
house-training method, and sleeping arrangements; and (5) behavioral problems observed in
adulthood, selected from a predefined checklist of 13 items (inappropriate elimination, destruc-
tiveness, possessiveness, fear of loud noises, hyperactivity/inability to settle, separation-related
behaviors, leash reactivity, pica, coprophagia, aggression toward same-sex dogs, aggression to-
ward opposite-sex dogs, aggression toward people, or none), with an open-ended field for ad-
ditional comments.
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Statistical analysis

Statistical analyses were performed using Jamovi (Version 2.7, The Jamovi Project, Sydney,
Australia). Descriptive statistics were calculated for all variables. Continuous variables were sum-
marized as mean + standard deviation (SD) or median and range, as appropriate, whereas cat-
egorical variables were reported as absolute frequencies and percentages.

Behavioral outcomes were coded as binary variables (presence/absence of each behavioral
problem). The frequency of each behavioral problem was calculated for the study population.

To improve statistical robustness and biological interpretability, variables describing early-life
experiences (e.g., environmental exposure, intraspecific and interspecific socialization, manage-
ment practices) were recoded into biologically meaningful categories before analysis.

Associations between categorical explanatory variables and behavioral outcomes were initially
explored using Pearson’s chi-square test. Fisher’s exact test was used whenever the assumptions
of the chi-square test were not met. To account for multiple comparisons across the univariable
tests, P values were corrected using the Benjamini-Hochberg procedure (Benjamini & Hochberg,
1995).

Variables considered biologically relevant and/or showing evidence of association in the uni-
variable analyses were subsequently entered into multivariable binary logistic regression models.
Separate logistic regression models were built for each behavioral outcome of interest. Age was
included as a continuous covariate, whereas sex and management variables were included as cat-
egorical predictors.

Model coeflicients were reported as odds ratios (ORs) with 95% confidence intervals (95% CI).
Model fit was assessed using McFadden’s pseudo-R?, Akaike’s Information Criterion (AIC), and
likelihood-ratio omnibus tests.

A two-sided P value < 0.05 was considered statistically significant. Analyses were performed
using complete-case analysis; therefore, sample size varied slightly across models depending on
data availability for each variable.

Results

A total of 79 dogs were included in the study. The demographic characteristics of the study
population are summarized in Table 1.

The prevalence of the investigated behavioral problems is reported in Table 2. Leash reactivity
was the most frequently reported behavioral problem, followed by noise sensitivity and hyper-
activity. Overall, dogs presented a mean of 1.78 + 1.18 behavioral problems, with a median of 2
(range: 0-4).

Table 1. Characteristics of the study population (n = 79)

Variable Value
Age (years), mean + SD 8.0+6.2
Sex
Male 36 (45.6%)
Female 43 (54.4%)
Neuter status
Intact 38 (48.1%)
Neutered 41 (51.9%)
Breed
Mixed breed 53 (67.1%)
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Purebred 26 (32.9%)
Source of acquisition
Home-bred litter 31 (39.2%)
Shelter 20 (25.3%)
Rescue association (transport program) 12 (15.2%)
Amateur breeder 10 (12.7%)
Professional breeder 6 (7.6%)
Age at acquisition
< 60 days 15 (19.0%)
60-90 days 34 (43.0%)
> 90 days 24 (30.4%)
> 2 years 6 (7.6%)

Note. Data are presented as mean * standard deviation (SD) for continuous variables and as number (per-
centage) for categorical variables.

Table 2. Prevalence of behavioral problems (n = 79)

Behavioral problem n %
Leash reactivity 38 48.1
Noise sensitivity 28 354
Hyperactivity 17 21.5
Separation-related behaviors 14 17.7
Aggression toward same-sex dogs 12 15.2
Possessive behavior 12 15.2
Coprophagia 8 10.1
Aggression toward opposite-sex dogs 6 7.6
Pica 6 7.6
SB;l)laVloral problems per dog (mean + 178 + 1.18

Median (range) 2 (0-4)

Note. Behavioral problems were coded as present/absent. Dogs could present more than one behavioral
problem.

The associations between early-life management practices and behavioral outcomes are sum-
marized in Table 3.

Neither age at acquisition, maternal relationship, nor human socialization during puppyhood
showed a significant association with leash reactivity.

In contrast, intraspecific socialization showed a moderate association with leash reactivity, al-
though statistical significance was not reached.

A significant association was identified between early management of solitude and the occur-
rence of separation-related behaviors. Dogs gradually habituated to remain alone during pup-
pyhood showed a markedly lower prevalence of separation-related behaviors than dogs that had
never been left alone.

Furthermore, sleep management during puppyhood was significantly associated with leash re-
activity after correction for multiple comparisons, whereas its association with hyperactivity did
not survive correction; environmental exposure was not associated with noise sensitivity.
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Table 3. Univariable associations between early-life management practices and behavioral outcomes

Predictor QOutcome Test Statistic P value (raw / BH-corrected)
Age at acquisition Leash reactivity Chi-square x’=1.91 0.591 (BH: 0.591)
x?;ernal relation- Leash reactivity Chi-square X’=4.99 0.417 (BH: 0.577)
Intraspecific social- | | o} reactivity Chi-square X=6.59 0.085 (BH: 0.170)
ization

g(l)lrrlnan socializa- Leash reactivity Chi-square X’=1.67 0.433 (BH: 0.577)
Environmental Noise sensitivity Chi-square X’=2.96 0.565 (BH: 0.591)
exposure

Management of Separation-related . . .
solitude behaviors Chi-square x'=18.6 <0.001 (BH: 0.004)
Sleep management | Hyperactivity Chi-square X°=8.59 0.035 (BH: 0.093)
Sleep management | Leash reactivity Chi-square x’=14.8 0.002 (BH: 0.008)

Note. P values in Table 3 were corrected for multiple comparisons (n = 8 tests) using the Benjamini-Ho-
chberg procedure (Benjamini & Hochberg, 1995). After correction, the associations between management
of solitude and separation-related behaviors (raw P < 0.001; BH-corrected P = 0.004) and between sleep
management and leash reactivity (raw P = 0.002; BH-corrected P = 0.008) remained statistically significant,
whereas the association between sleep management and hyperactivity did not survive correction (raw P =
0.035; BH-corrected P = 0.093).

The results of the multivariable logistic regression analyses are presented in Tables 4 and 5.

The multivariable logistic regression model showed that sleep management remained signifi-
cantly associated with leash reactivity after adjustment for age and sex (Table 4), although causal-
ity cannot be inferred. Specifically, dogs sleeping on the sofa/bed had significantly lower odds of
leash reactivity than dogs sleeping in their own bed/mat (OR = 0.056, 95% CI: 0.010-0.316; P =
0.001). No significant associations were observed for age, sex or the remaining sleep-management
categories.

In the multivariable logistic regression model, management of solitude remained significantly
associated with separation-related behaviors after adjustment for age and sex. Dogs gradually
habituated to being left alone had lower odds of separation-related behaviors than dogs that had
never been left alone (OR = 0.062, 95% CI: 0.012-0.286, P < 0.001). Age and sex were not signifi-
cant predictors.

Table 4. Multivariable logistic regression model for leash reactivity

Variable QOdds ratio (95% CI) P value
Sleep management

0.056 (0.010-0.316) 0.001
Sofa/bed vs Bed/mat
Sleep management

0.252 (0.026-2.42) 0.197
No fixed sleeping place vs Bed/mat
Sleep management

0.042 (0.001-19.45) 0.962
Other vs Bed/mat
Age (years) 0.96 (0.95-1.07) 0.769
Sex (Male vs Female) 0.95 (0.26-3.49) 0.947
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Table 5. Multivariable logistic regression model for separation-related behaviors

Variable QOdds ratio (95% CI) | P value

Management of solitude

Gradually habituated to being left alone vs Never left alone 0.062 (0.012-0.286) | <0.001

Management of solitude

1 *
Left alone to cry/destroy vs Never left alone Not interpretable 0.992

Age (years) 0.93 (0.82-1.06) 0.253

Sex (Male vs Female) 0.75(0.19-2.88) 0.680

Note. Model adjusted for age and sex. McFadden pseudo-R* = 0.217. The category ‘Left alone to cry/de-
stroy’ contained very few observations, resulting in unstable estimates; therefore, its odds ratio should not
be interpreted.

Discussion

The present study investigated the association between early-life management practices and
behavioral outcomes in companion dogs using a cross-sectional owner questionnaire (Merritt et
al., 2025; Meyer et al., 2023).

The main finding was that early management routines, particularly those related to habitua-
tion to solitude and sleep management, were more strongly associated with specific behavioral
outcomes than the socialization variables investigated (Dale et al., 2024; Mai et al., 2021). In par-
ticular, dogs that were gradually accustomed to remaining alone during puppyhood showed a
markedly lower prevalence of separation-related behaviors, whereas sleep management remained
independently associated with leash reactivity after adjustment for age, sex and intraspecific so-
cialization.

The present findings suggest that predictable management routines may represent an over-
looked component of early behavioral development. Previous studies have highlighted the im-
portance of early environmental experiences in shaping adult behavior, particularly through ap-
propriate socialization and controlled exposure to novel stimuli (Appleby et al., 2002; Howell et
al., 2015). Our results suggest that management practices promoting behavioral predictability
may represent an additional, and potentially underestimated, component of early behavioral de-
velopment.

One of the strongest associations identified in the present study concerned the management
of solitude. Dogs gradually habituated to remain alone during puppyhood were significantly less
likely to exhibit separation-related behaviors. This finding is biologically plausible and agrees with
current behavioral medicine recommendations, which advocate progressive and positive habit-
uation to temporary social isolation during the sensitive developmental period (Overall, 2013;
Sherman & Mills, 2008). Although causal relationships cannot be inferred from the present cross-
sectional design, these results support current preventive recommendations commonly adopted
in veterinary behavioral practice.

Interestingly, variables describing socialization experiences showed weaker associations than
expected (Vaterlaws-Whiteside & Hartmann, 2017). Neither human socialization nor environ-
mental exposure were significantly associated with the investigated behavioral outcomes, whereas
intraspecific socialization showed only a moderate, non-significant association with leash reac-
tivity. This observation should not be interpreted as evidence that socialization is unimportant.
Rather, several explanations may account for these findings. First, the relatively limited sample
size reduced statistical power. Second, owner-reported measures may not fully capture the qual-
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ity, duration, or timing of socialization experiences. Finally, behavioral traits such as leash reac-
tivity are multifactorial conditions influenced by genetics, learning history, training methods and
owner management throughout life, potentially diluting the contribution of early-life experiences
alone.

Sleep management also emerged as a significant predictor of leash reactivity in multivariable
analysis. To our knowledge, relatively few studies have specifically investigated the relationship
between early sleeping routines and later behavioral outcomes. One possible explanation is that
consistent resting routines may contribute to behavioral self-regulation by promoting predict-
ability and reducing chronic arousal during development (Harvey et al., 2016). Alternatively,
sleep management may represent a proxy measure for overall owner consistency and household
routine rather than an isolated behavioral factor. Further prospective studies are required to clar-
ify this relationship.

The present study has several limitations. First, the cross-sectional design precludes causal
inference. Second, all information was obtained through owner questionnaires and is therefore
subject to recall bias and subjective interpretation. Third, several variables required recoding into
biologically meaningful categories because of sparse data, which may have reduced the level of de-
tail available for analysis. Finally, although the sample size was adequate for exploratory analyses,
larger prospective studies are needed to confirm these findings.

Despite these limitations, the study provides clinically relevant information. The results suggest
that, alongside appropriate socialization, early management routines, particularly gradual habitu-
ation to solitude and the establishment of consistent resting routines, may contribute to reducing
the likelihood of specific behavioral problems later in life. These findings reinforce the importance
of providing owners with practical behavioral guidance during the first months following puppy
acquisition and highlighting early-life management as a potentially modifiable factor in behav-
ioral prevention.

Conclusions

The present study suggests that early-life management routines may represent important de-
terminants of behavioral development in companion dogs.

Gradual habituation to solitude and consistent sleep management were associated with lower
odds of specific behavioral problems, whereas traditional socialization variables showed weaker
associations within this study population.

Although prospective longitudinal studies are required to establish causal relationships, these
findings highlight the importance of providing owners with practical guidance on everyday pup-
py management in addition to conventional socialization programs.
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Le routine di gestione nei primi anni di vita sono associate agli esiti comportamentali
nei cani da compagnia: uno studio trasversale
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Sintesi

Le esperienze dei primi anni di vita sono considerate cruciali per lo sviluppo comportamentale dei cani, sebbene
il ruolo delle routine di gestione quotidiane abbia ricevuto meno attenzione rispetto alla socializzazione dei cuccioli.
Per indagare l'associazione tra le pratiche di gestione nei primi anni di vita e gli esiti comportamentali nei cani da
compagnia, ¢ stato somministrato un questionario trasversale ai proprietari di 79 cani. Le associazioni tra le variabili
di gestione nei primi anni di vita e gli esiti comportamentali sono state valutate mediante test del chi-quadrato e re-
gressione logistica binaria multivariata. La reattivita al guinzaglio ¢ risultata il problema comportamentale pili comune
(48,1%), seguita dalla sensibilita al rumore (35,4%) e dall'iperattivita (21,5%). Labituazione graduale alla solitudine
durante la fase di cucciolo e risultata significativamente associata a una minore probabilita di comportamenti legati alla
separazione (OR = 0,062; IC 95%: 0,012-0,286; P < 0,001). La gestione del sonno ¢ rimasta significativamente associata
alla reattivita al guinzaglio anche dopo l'aggiustamento per eta e sesso (P = 0,001). Al contrario, le variabili relative alla
socializzazione precoce hanno mostrato associazioni pitt deboli o non significative.

Le routine di gestione precoce, in particolare I'abitudine alla solitudine e una gestione costante del sonno, possono
contribuire a ridurre il rischio di specifici problemi comportamentali. Questi risultati sottolineano I'importanza di
integrare raccomandazioni pratiche di gestione con i tradizionali programmi di socializzazione dei cuccioli.






