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Objective: Zinc deficiency is common among patients receiving total parenteral
nutrition (TPN) and may contribute to impaired wound healing, immune
dysfunction, and adverse clinical outcomes. However, the impact of zinc
supplementation on short-term survival remains unclear.
Methods: We retrospectively reviewed adult patients who received TPN at
a single center between January 2019 and October 2023. Patients were
categorized according to their mean daily zinc dose: <2 mg/day or ≥2
mg/day. Patients were classified into a standard zinc supplementation group
receiving approximately 6.35 mg of elemental zinc per day and an augmented
zinc supplementation group receiving approximately 7.7 mg per day. Baseline
characteristics, nutritional indices, and biochemical parameters were compared.
The primary outcome was 60-day all-cause mortality. Hazard ratios (HRs)
and 95% confidence intervals (CIs) were estimated using Cox proportional
hazards models.
Results: A total of 1,037 patients were included (415 in the standard zinc
supplementation group and 622 in the augmented zinc supplementation group).
Baseline characteristics were comparable between groups (mean age 65 years;
60% male). The augmented zinc supplementation group had higher mean
serum zinc concentrations (75.9 ± 22.0 μg/dl vs. 65.9 ± 27.5 μg/dL, P <

0.001). The 60-day mortality rate was significantly lower in the augmented zinc
supplementation group (22.7% vs. 15.0%; HR = 0.66; 95% CI 0.50–0.88; P =
0.004). No major differences were found in caloric or protein adequacy, albumin,
or C-reactive protein trends between groups.
Conclusion: In this single-center retrospective cohort, higher zinc
supplementation (≥2 mg/day) during TPN administration was associated
with lower 60-day mortality. These findings highlight the potential clinical
relevance of zinc dosing in TPN regimens and warrant prospective validation.
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Introduction

Zinc is an essential trace element that plays a fundamental
role in numerous physiological processes, including immune
regulation, protein synthesis, cellular proliferation, and wound
healing (1, 2). In hospitalized patients, especially those
requiring total parenteral nutrition (TPN), zinc deficiency is
a frequent and clinically important problem (3, 4). Because
these patients are unable to obtain nutrients through the
gastrointestinal tract, their micronutrient supply depends entirely
on parenteral formulations. Inadequate zinc intake during
TPN can lead to delayed wound healing, impaired immune
response, diarrhea, dermatitis, and increased susceptibility
to infections, all of which can adversely affect recovery and
survival (5–7).

Clinical guidelines recommend routine zinc supplementation
for patients receiving TPN, with dose adjustments based on
metabolic stress, gastrointestinal losses, and disease severity (2,
8–10). However, the optimal zinc dose in clinical practice
remains controversial, particularly in surgical and critically ill
populations (11).

Current ASPEN and ESPEN guidelines recommend
approximately 2–5 mg of elemental zinc per day in standard
parenteral nutrition formulations with higher doses required for
patients with increased gastrointestinal losses or metabolic stress
(2, 8–10). In our institution, additional zinc supplementation of
at least 2 mg per day was initiated when serum concentrations
were low or clinical demand was increased, consistent with these
recommendations. Many hospitals, including ours, routinely
add a standard dose of zinc sulfate to TPN solutions, but this
amount may be insufficient for patients with increased metabolic
demand, such as those undergoing major abdominal surgery or
experiencing enteric fistulas or sepsis. Moreover, in real-world
practice, the decision to provide additional zinc supplementation
is often influenced by patient affordability, as higher doses are
typically self-funded.

Previous studies have primarily focused on zinc deficiency
and its biochemical or immunologic manifestations, whereas
limited data have explored its association with hard clinical
outcomes such as mortality. Observational studies have suggested
that low serum zinc concentrations correlate with higher
mortality and prolonged hospitalization, but evidence regarding
the survival benefits of zinc repletion in TPN-dependent patients is
scarce (12–17).

Since January 2019, our center has implemented routine
monitoring of serum zinc levels in patients receiving TPN and
adopted individualized supplementation strategies following
guideline recommendations. This policy created a natural
variation in zinc dosage among patients, providing a unique
opportunity to evaluate its clinical impact. Therefore, this
retrospective study aimed to investigate whether higher zinc
supplementation (≥2 mg/day) during TPN administration is
associated with improved short-term outcomes, particularly
60-day all-cause mortality, in hospitalized adults. The findings
may help inform practical dosing strategies and reinforce
the importance of trace element optimization in parenteral
nutrition care.

Methods

Study design and population

This retrospective observational cohort study was conducted
at a center. The study included adult patients (aged ≥18 years)
who received TPN between January 1, 2019, and October 31,
2023. Clinical and biochemical data were retrieved from the
institutional electronic medical record system. The study protocol
was approved by the Chi Mei Medical Center Institutional Review
Board (CMFHR112110), and the requirement for informed consent
was waived due to the retrospective design and anonymized
data handling.

Inclusion and exclusion criteria

All hospitalized adults who received TPN during the study
period were screened. Patients were eligible if they had available
baseline serum zinc concentrations measured within the first
week of TPN initiation. Exclusion criteria were (1) age below 18
years, (2) administration of compounded three-in-one parenteral
nutrition solutions, or (3) missing baseline zinc data. Patients
receiving commercially prepared three-in-one parenteral nutrition
solutions were excluded because these formulations have fixed trace
element content and do not permit individualized zinc dosing or
accurate quantification of elemental zinc exposure. After applying
these criteria, a total of 1,037 patients were included in the
final analysis.

Exposure definition

Patients were categorized into two groups according to
their average daily elemental zinc dose received during
TPN administration. In our institution, all standard TPN
formulations contained a multi-trace element solution that
provided approximately 5 mg of elemental zinc per day, consistent
with institutional and guideline recommendations. In addition,
one ampoule of zinc sulfate (1.35 mg elemental zinc) was routinely
added to each TPN bag as part of standard practice. Patients
who received only this standard regimen were classified as the
standard zinc supplementation group (<2 mg/day additional
zinc). In contrast, patients whose serum zinc concentrations
were below the reference range or who had higher metabolic
or gastrointestinal losses received two ampoules of zinc sulfate
daily (approximately 2.7 mg elemental zinc) and were defined
as the augmented zinc supplementation group (≥2 mg/day
additional zinc).

Standard TPN formulations provided approximately 6.35 mg
of elemental zinc per day. Patients requiring additional
supplementation received one extra ampoule of zinc sulfate
resulting in a total intake of approximately 7.7 mg per day. Groups
were therefore defined based on supplemental dosing and are
referred to as the standard zinc supplementation group and the
augmented zinc supplementation group. All patients received a
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standardized amount of elemental zinc from routine trace element
formulations. The exposure definition was therefore based on
additional zinc supplementation beyond this baseline to reflect
differences in clinical supplementation strategies.

All TPN formulations were compounded by hospital
pharmacists and administered under the supervision of
the multidisciplinary nutrition support team. Serum zinc
concentrations were routinely measured on a weekly basis during
TPN therapy to ensure adequacy and guide individualized
supplementation according to guidelines.

Data collection

Demographic and clinical characteristics were collected,
including age, sex, body mass index (BMI), length of hospital
stay, surgical status, and presence of malignancy. Nutritional
indicators included the Subjective Global Assessment (SGA), daily
caloric and protein intake, and serum biochemical parameters
(albumin, prealbumin, C-reactive protein [CRP], and white blood
cell count). Baseline laboratory values were obtained before TPN
initiation, and follow-up data were recorded weekly thereafter.
Although serum zinc concentrations were measured weekly for
clinical monitoring, only the baseline value obtained prior to or
within the first week of TPN initiation was used in the analysis.
Time updated zinc values were not incorporated because follow
up measurements were not available at consistent intervals for
all patients.

Outcome measures

The primary outcome was 60-day all-cause mortality following
TPN initiation. Secondary outcomes included changes in serum
zinc concentration and biochemical markers of nutritional and
inflammatory status during hospitalization.

Statistical analysis

Continuous variables were expressed as mean ± standard
deviation (SD) and compared using the t-test. Categorical variables
were reported as frequencies and percentages and compared
using the chi-square or Fisher’s exact test, as appropriate. A
Cox proportional hazards model was then used to estimate the
association between zinc dosage category and 60-day mortality,
adjusting for clinically relevant covariates. Results were expressed
as hazard ratios (HRs) with 95% confidence intervals (CIs). Missing
data were handled using a complete case approach. Patients without
baseline serum zinc measurements were excluded during cohort
assembly, and multivariable analyses were restricted to participants
with available covariate data. No imputation methods were applied.
All analyses were conducted using SPSS version 25.0 (IBM Corp.,
Armonk, NY, USA), and a two-tailed P value <0.05 was considered
statistically significant.

Results

Baseline characteristics

The mean total daily zinc intake was approximately 6.35 mg
in the standard zinc supplementation group and approximately
7.7 mg in the augmented zinc supplementation group. A
total of 1,037 patients who received TPN between January
2019 and October 2023 were included in the final analysis,
comprising 622 (60%) in the augmented zinc supplementation
group (≥2 mg/day additional zinc) and 415 (40%) in the
standard zinc supplementation group (<2 mg/day additional
zinc). Baseline demographic and clinical characteristics were
broadly comparable between groups (Table 1). The mean age
of the study population was 65 years, and approximately
60% were male. Mean BMI was similar between the standard
zinc supplementation and augmented zinc supplementation
groups (22.9 ± 8.5 vs. 23.3 ± 11.0 kg/m², P = 0.55). The
prevalence of malignancy was 64% and 61% in the standard zinc
supplementation and augmented zinc supplementation groups,
respectively (P = 0.39). The proportion of surgical patients
was higher in the standard zinc supplementation group (80%)
compared with the augmented zinc supplementation group (71%,
P < 0.001).

TABLE 1 Baseline demographic, clinical, and biochemical characteristics
of patients receiving total parenteral nutrition according to zinc
supplementation level.

Variable Standard zinc
supplementation

(< 2 mg/day)

Augmented zinc
supplementation

(≥ 2 mg/day)

P
value

No. of
patients

415 622

Male, n (%) 249 (60.0) 373 (60.0) 0.94

Age, years 64.8 ± 13.9 65.3 ± 13.9 0.58

BMI, kg/m² 22.9 ± 8.5 23.3 ± 11.0 0.55

Surgical
patient, n
(%)

332 (80.0) 440 (71.0) < 0.001

Malignancy,
n (%)

263 (64.0) 376 (61.0) 0.39

Serum zinc,
μg/dL

56.0 ± 20.1 63.1 ± 19.2 < 0.001

Albumin,
g/dL

2.7 ± 0.7 2.7 ± 0.7 0.56

Prealbumin,
mg/dL

13.2 ± 7.1 14.4 ± 8.0 0.022

WBC,
×103/μL

11.4 ± 9.0 10.3 ± 6.1 0.024

Length of
stay, days

41.1 ± 27.7 42.3 ± 31.5 0.53

Values are presented as mean ± SD or number (%) as appropriate. BMI, body mass index;
WBC, white blood cell count.
Bold values indicate statistically significant differences (p < 0.05).
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Biochemical and nutritional findings

At baseline, serum zinc concentrations were significantly higher
in the augmented zinc supplementation group (63.1 ± 19.2
μg/dL) than in the standard zinc supplementation group (56.0
± 20.1 μg/dL, P < 0.001). Other nutritional indicators such
as serum albumin (2.7 ± 0.7 vs. 2.7 ± 0.7 mg/dL, P = 0.56)
were comparable between groups, whereas prealbumin levels were
slightly higher in the augmented zinc supplementation group
(14.4 ± 8.0 vs. 13.2 ± 7.1 mg/dL, P = 0.022). The augmented
zinc supplementation group also showed a lower mean white
blood cell count (10.3 ± 6.1 ×103/μl vs. 11.4 ± 9.0 ×103/μl,
P = 0.024).

During follow-up, both groups demonstrated gradual increases
in serum zinc concentrations after 28 days of TPN; however, the
mean zinc level at day 28 showed a minor trend toward higher
levels in the augmented zinc supplementation group, although the
difference did not reach statistical significance compared with the
standard zinc supplementation group (75.9 ± 22.0 μg/dL vs. 65.9
± 27.5 μg/dL, P = 0.087). No significant between-group differences
were observed in CRP, albumin, or prealbumin levels at day 28. The
mean hospital length of stay was similar between groups (42.3 ±
31.5 vs. 41.1 ± 27.7 days, P = 0.53).

Sixty-day mortality outcomes

In survival analyses, patients in the augmented zinc
supplementation group had a significantly lower 60-day all-
cause mortality rate compared with those in the standard zinc
supplementation group (Figure 1). After adjustment for age, sex,
surgical status, malignancy, and SGA category, the association
between higher zinc supplementation and improved 60-day
survival remained significant (22.7% vs. 15.0%; HR 0.66; 95%
CI 0.50–0.88; P = 0.004; Table 2). Other variables independently
associated with increased mortality included surgical intervention
(HR 1.65; 95% CI 1.23–2.23; P = 0.001) and poorer nutritional
status (SGA category A vs. C, HR 2.99; 95% CI 1.69–5.29;
P < 0.001).

Discussion

In this retrospective single-center study, we observed that
patients receiving TPN with higher zinc supplementation (≥2
mg/day additional zinc) demonstrated a significantly lower 60-day
all-cause mortality compared with those who received the standard
regimen. This association remained significant after adjusting

FIGURE 1

Kaplan-Meier survival curves for 60-day all-cause mortality according to zinc supplementation level during total parenteral nutrition. Kaplan-Meier
curves depict unadjusted survival and should be interpreted in conjunction with adjusted Cox regression results.
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TABLE 2 Cox proportional hazards model of factors associated with
60-day all-cause mortality among patients receiving total parenteral
nutrition.

Variable Relative risk (95% CI) P value

Augmented zinc
supplementation (≥ 2 mg/day)

0.66 (0.50–0.88) 0.004

Male sex 0.99 (0.74–1.32) 0.92

Surgical procedure 1.65 (1.23–2.23) 0.001

Malignancy 1.23 (0.93–1.64) 0.15

ICU vs. medical ward 3.85 (2.34–6.34) < 0.001

SGA A vs. C 2.99 (1.69–5.29) < 0.001

Age (per year) 1.00 (0.99–1.01) 0.52

BMI (per kg/m²) 1.00 (0.99–1.01) 0.99

CI, confidence interval; ICU, intensive care unit; SGA, subjective global assessment; BMI,
body mass index.
Bold values indicate statistically significant differences (p < 0.05).

for potential confounders, including age, sex, surgical status,
malignancy, and nutritional category. Although this observational
design precludes causal inference, our findings highlight the
potential clinical relevance of adequate zinc supplementation in
association with short-term survival among patients dependent
on TPN.

Zinc deficiency is widely recognized in patients requiring TPN,
particularly those with increased metabolic stress, gastrointestinal
losses, or postoperative complications (18–21). As zinc plays
essential roles in protein synthesis, wound healing, and immune
regulation, insufficient supplementation during TPN can
exacerbate catabolic stress and delay recovery (22–24). Both
guidelines emphasize individualized zinc supplementation,
especially in patients with high output fistulas, diarrhea, or sepsis,
where losses are substantially increased (2, 8–10). However,
despite guideline recommendations, under-supplementation
remains common in clinical practice due to limited awareness or
financial constraints, as higher doses are often self-funded in some
healthcare systems, including ours.

The present findings align with previous research showing that
low serum zinc levels are associated with prolonged hospitalization,
impaired immune function, and increased mortality in critically
ill or malnourished populations (15, 25, 26). For example,
several observational studies have reported that zinc deficiency
correlates with higher risk of infection, delayed wound healing,
and longer duration of mechanical ventilation in intensive care
units (27, 28). Moreover, zinc repletion has been shown to
modulate inflammatory pathways by reducing oxidative stress and
downregulating proinflammatory cytokine expression (29–31). In
the context of TPN, maintaining adequate zinc levels may therefore
support mucosal barrier integrity and immune competence, both
of which are crucial in preventing nosocomial complications and
sepsis-related mortality.

Interestingly, our study showed that despite similar caloric and
protein adequacy between groups, higher zinc supplementation
was associated with improved survival, suggesting that
micronutrient optimization may be associated with outcomes
beyond macronutrient delivery. This finding supports the notion

that trace element adequacy is a vital yet often underappreciated
component of parenteral nutrition therapy. Furthermore, serum
zinc levels in our cohort gradually increased during TPN
administration, confirming that supplementation effectively
corrected biochemical deficiency. Nonetheless, the mean baseline
serum zinc concentrations in both groups were below the lower
limit of normal, underscoring the high prevalence of zinc deficiency
among hospitalized patients receiving TPN.

In this observational study, zinc supplementation was
administered based on clinical judgment, including low serum zinc
concentrations and conditions associated with increased metabolic
demand or gastrointestinal loss. As a result, confounding by
indication is likely. The high supplementation group demonstrated
lower baseline zinc levels and a higher proportion of non-
surgical cases which may indicate greater clinical complexity.
Although multivariable models adjusted for several prognostic
factors residual confounding cannot be excluded. Unmeasured
variables such as comorbidity burden or clinical severity may have
influenced both treatment allocation and mortality risk. Notably
the high supplementation group had lower adjusted mortality
despite potential baseline disadvantage which is consistent with
but does not prove a beneficial effect of zinc supplementation.
Future studies using randomized allocation stratified dosing or
causal inference designs are needed to establish whether correcting
zinc deficiency can causally improve survival.

Several mechanisms may explain the observed relationship
between higher zinc supplementation and improved survival. Zinc
acts as a cofactor for more than 300 enzymes involved in DNA
synthesis, antioxidant defense, and cell-mediated immunity (32).
In catabolic or inflammatory states, redistribution of zinc from
plasma to tissues can result in apparent hypozincemia, which may
further impair host defense and tissue repair (33). Adequate zinc
supplementation during TPN could therefore help restore normal
physiological function and mitigate the deleterious effects of
systemic inflammation. Although zinc may exert anti inflammatory
effects, no significant differences in CRP were observed between
groups. This may reflect the dominant influence of underlying
illness, surgical stress, and infection on CRP values, which could
mask micronutrient related effects. It is also possible that the anti
inflammatory actions of zinc are mediated through mechanisms
not captured by conventional markers such as CRP, including
modulation of cytokine signaling and oxidative stress pathways
(34). However, serum zinc concentrations are influenced by the
acute phase response and may not accurately reflect functional zinc
status, particularly in critically ill patients. Accordingly, baseline
zinc values should be interpreted descriptively rather than causally.

This study has several limitations. First, the retrospective design
precludes causal inference and residual confounding remains
possible despite multivariable adjustment. Zinc supplementation
was prescribed based on clinical judgment rather than random
allocation, introducing confounding by indication, as patients
with greater clinical severity or metabolic demand were more
likely to receive higher supplementation. Although pragmatic
proxies of illness severity, including ICU admission, surgical
status, malignancy, and nutritional status, were adjusted for,
detailed severity scores such as APACHE II or SOFA and
comprehensive organ failure measures were not uniformly
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available, and residual confounding cannot be excluded. Second,
serum zinc concentrations may not accurately reflect functional
zinc status because they are influenced by the acute phase
response, particularly in critically ill patients, and were therefore
interpreted descriptively rather than causally. Third, because all
patients received zinc as part of standard TPN formulations, this
study compared standard vs. augmented zinc supplementation
strategies rather than total zinc dose as a continuous exposure,
and dose response relationships could not be formally assessed.
Early mortality after TPN initiation may also have limited exposure
duration in some patients, potentially biasing observed survival
differences. In addition, cumulative zinc exposure and detailed
duration of supplementation were not modeled. Accordingly, the
analysis reflects differences in supplementation strategies rather
than total zinc dose over time. Finally, this was a single center study,
which may limit generalizability. Despite these limitations, our
findings contribute to the growing body of evidence emphasizing
the importance of trace element optimization in TPN care.
Given the observed association with survival, future prospective
randomized controlled trials are warranted to determine the
optimal zinc dose, evaluate long-term outcomes, and clarify
whether targeted supplementation strategies can improve clinical
recovery and cost-effectiveness.

Conclusion

In conclusion, this single-center retrospective study
demonstrated that higher zinc supplementation during TPN
administration was associated with lower 60-day all-cause
mortality. Ensuring adequate trace element replacement,
particularly zinc, may represent an important consideration
in the care of patients receiving parenteral nutrition.
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