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SUMMARY
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           
           
             
                 
         
               
           
   

INTRODUCTION

T   -  (UPF)  

 ,1     50%   

   UK,2 A,3 C,4   USA.5,6 UPF 

NOVA  4        

     , ,  -

 .7 UPF  -  

    ,   ,

 ,  - .8,9 UPF

       ,

 ,       

   .10 P   

   UPF      

    .11–14

A    -   

     UPF -

      ,  -

   ,  ,   

.15 A      

 UPF       -

 ,     , -

,   HDL-,16    

     .17,18 C 

   UPF ,     -

,       60%  

1970.19,20 S      

       ,

    -,    --

    ,  UPF  

 C M 37, 1950–1960, O 7, 2025 © 2025 T A. P  E I.
T        CC BY  (://.///4.0/).
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      .8,11,19,21–23 D

    UPF    

  ,      UPF 

          .

T ,      

    -    .24,25

T      

UPF       -

   .24,25 P 

UPF      500–800 /

       

.24,25 W     UPF    

         

        UPF 

 .

I   ,    - 2 × 2 -

-        

-    ,  

        

   . D    3 ,

       77%  

 UPF  5.5%      --

   1%    UPF  66%  -

     . P  

         

 -        UPF

      . O 

     . T   

    ,  DNA ,   -

 .

RESULTS

Intervention and participant characteristics
F-       

     2 × 2   (F 1A). A

-      

        

. P     -  -

    3 (      STAR

M  T S1)      -

 (F 1A). W   ,    

  (F 1B). T -

       - 

     UPF . C

   ,  -  

    , ,  ,

 ,        

(F 1C  1D; T S1). A    -

      T 1  S2. T 

       

      (F S1A–S1D).

Cardiometabolic health

C   -   

    1.4  1.3      

   ,  (, 95% -

  [CI] [0.57, 2.25]; , 95% CI [0.47, 2.08])

(F 2A; T 1). D     -

          

       

(T S3). A        

 (F 2B; T 1),      

     ,   1.00 

0.96       -  

        ,

 (, 95% CI [0.41–1.64]; , 95% CI

[0.38–1.53]) (F 2C; T 1).

C ,     --

  (LDL):-  (HDL) , 

     -  -

        (F 2D 

2E; T 1),        

    (F 2F; T 1). C  -

 ,   LDL:HDL ,       -

      ,    

       

(F 2D  2E; T S3). C-    

    (F 2G; T 1). I   -

-        

    (T3)  -

  (TSH)      

(F 2H; T 1). I    , /-

  15 (GDF-15)   ,  

      - 

(F 2I  2J; T 1).

Reproductive hormones and function
C    ,    -

      - -

 (FSH)       (F 3A;

T 1)         -

      (F 3B; T 1). S

    ,    

      (F 3C; T 1). S

     (F 3D; T 1).

Altered toxin levels and inammatory response
E-  (EDC)   -

      .26 T 

     EDC  

  UPF ,    -

      EDC     

        . A -

,       , N,N--L-

 (PB),        -

- ,       

    (T S3  S4). I   -

-       

 (L)   ,  ,    

  (H)     ,   -

    (F 4A; T S4). A L  

    ,  L    

   . C   

,    -     -

          

      (T 1). C  

-       
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   (4--7-)

(MINP)         PFAS

    (PFOS)  

  (PFHA) (F 4A; T S4). C 

,       

  L   ,  ,  

(T S3). T   H     

    ,    

    -     

(T S3).

C     -

       

,   -4 (IL-4)    

 (F 4B; T S5)      

 -1 (MCP-1)     

 (F 4C; T S5). C-  (CRP)  8--

7,8--2- (8--),   

,   (F 4D  4E; T S5).

DISCUSSION

I    ,    UPF -

     . D

         -

     ,  L  H  

    MINP   

Figure 1. Characterization of the nutritional intervention

(A) S     ,       .

(B) M        .

(C) P         , ,    .

(D) F        ,        . R       .
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Table 1. Alterations of physiological characteristics in response to unprocessed versus ultra-processed diet

Δ U → -

C  B ( ± SD) E p  95% CI

A 

W ()  78.94 ± 9.45 1.4055 0.027 0.566; 2.251

 76.57 ± 8.86 1.2768 0.032 0.467; 2.083

F  ()  14.46 ± 4.25 0.9980 0.027 0.405; 1.641

 15.75 ± 5.11 0.9555 0.027 0.377; 1.533

L  ()  64.05 ± 7.5 0.2204 0.829 0.675; 1.107

 60.97 ± 7.49 0.321 0.679 1.176; 0.533

B 

S   (H)  123.07 ± 8.32 0.3231 0.907 3.023; 3.798

 125.28 ± 9.42 2.2821 0.344 0.924; 5.486

D   (H)  74.6 ± 6.38 2.5624 0.244 0.435; 5.684

 75.51 ± 6.85 4.8286 0.027 1.917; 7.730

L 

A  (U/L)  22.55 ± 13.92 12.7594 0.125 1.609; 23.926

 20.71 ± 9.63 2.188 0.862 12.84; 8.499

A  (U/L)  21.6 ± 8.02 0.669 0.906 6.986; 5,648

 22.33 ± 5.19 2.434 0.669 8.491; 3.624

A  (U/L)  61.04 ± 16.91 3.0979 0.512 2.497; 8,693

 55.83 ± 18.53 6.603 0.0.099 –11.97; –1.238

A (/L)  33.28 ± 3.59 0.125 0.941 2.738; 2.488

 33.54 ± 3.6 3.209 0.089 –5.715; –0.703

P 

B  (/L)  5.05 ± 0.35 0.0135 0.941 0.256; 0.284

 5.07 ± 0.35 0.099 0.679 0.358; 0.160

HA1C (/)  31.9 ± 2.96 0.1019 0.89 0.550; 0.751

 32.45 ± 2.4 0.030 0.941 0.658; 0.585

I (/L)  34.24 ± 17.65 14.9381 0.162 0.090; 29.787

 40.64 ± 30.52 14.42 0.162 –28.66; –0.184

C- (/L)  402.4 ± 124.3 124.7058 0.052 38.5; 211.87

 443.9 ± 169.7 42.94 0.54 125.6; 40.236

T 

T4 (/L)  66.6 ± 11.11 0.6162 0.906 4.720; 5.952

 65.79 ± 9.12 5.722 0.132 –10.84; –0.604

T T3 (/L)  1.4 ± 0.17 0.1268 0.099 0.024; 0.233

 1.5 ± 0.2 0.045 0.601 0.145; 0.054

TSH (U/L)  1.78 ± 0.9 0.4949 0.089 0.110; 0.884

 1.96 ± 0.68 0.207 0.5 0.573; 0.165

A 

FGF-21 (/L)  74.98 ± 59.92 30.0376 0.305 9.260; 69.335

 98.41 ± 88.18 4.172 0.906 41.67; 33.606

GDF-15 (/L)  313.5 ± 71.8 10.01 0.718 40.65; 20.753

 357.8 ± 155.2 –51.85 0.027 –81.22; –22.76

G (/L)  882.57 ± 308 66.0450 0.599 73.35; 205.71

 886.3 ± 304.2 60.4635 0.601 74.14; 192.4

G (/L)  4.01 ± 1.52 4.1106 0.144 0.235; 7.970

 5.21 ± 3.29 0.4144 0.906 3.293; 4.124

L  3,010 ± 2,538 1,316.78 0.176 40.53; 2,667.9

 3,738 ± 3,508 1,706.594 0.084 417.1; 2,994

(Continued on next page)
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     - 

  . B       

    ,     

       ,   

   ,   

. B  ,     UPF

         

      .24,25 I  

,   ,   , LDL:HDL

,     ,  

      , 

          

         UPF

.

D     ,  -

      , 

      . T  

        

          .

F        

  UPF27 /   

   -  ,   GDF-

15,28      . S,  

 ,      --

         

  .24 B     -

      ,29   

  7,100    - 

Table 1. Continued

Δ U → -

C  B ( ± SD) E p  95% CI

L 

T  (/L)  3.34 ± 0.76 0.5444 0.027 0.207; 0.879

 3.53 ± 0.68 0.2823 0.228 0.036; 0.608

T(/L)  0.68 ± 0.25 0.0942 0.512 0.077; 0.265

 0.74 ± 0.39 0.0022 0.98 0.161; 0.166

LDL:HDL   1.85 ± 0.61 0.3851 0.027 0.171; 0.603

 2.06 ± 0.69 0.2454 0.11 0.039; 0.453

S 

S  (L)  4.03 ± 1.66 0.125 0.862 0.741; 0.490

 3.36 ± 0.98 0.5057 0.244 0.085; 1.096

S . ( /L)  73.45 ± 54.33 9,397 0.679 34.78; 15.981

 71.95 ± 42.3 23.12 0.189 47.46; 1.214

S  (%)  2.81 ± 1.33 0.168 0.889 1.274; 0.939

 3.14 ± 1.52 0.6502 0.459 0.411; 1.712

S   (%)  73.81 ± 19.12 5,869 0.634 19.48; 7.744

 74.95 ± 20.07 13.23 0.162 –26.28; –0.176

R 

FSH (IU/L)  3.58 ± 1.79 0.255 0.323 0.598; 0.087

 3.59 ± 1.24 –0.522 0.027 –0.851; –0.193

LH (IU/L)  4.94 ± 1.9 0.3 0.751 1.294; 0.697

 4.91 ± 1.69 0.639 0.395 1.594; 0.317

T (/L)  18.71 ± 4.49 2.111 0.142 –4.071; –0.152

 15.85 ± 4.21 0.679 0.679 2.558; 1.200

M 

A   4.52 ± 3.11 1,234 0.228 2.619; 0.197

 5.86 ± 3.23 1.075 0.1285 2.432; 0.280

D   3.05 ± 3.11 1.3106 0.134 0.123; 2.499

 3.86 ± 2.53 0.205 0.879 1.355; 0.945

S   16.33 ± 8.22 0.8557 0.831 2.738; 4.544

 21.5 ± 9.05 0.6076 0.879 2.902; 4.124

C         -         

  -  -      . T          ,  -

       . B            (SD)   -

     2 (- 1). p   B-H ,  -       

 . E       95%CI          . B

   .
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Figure 2. Alteration of metabolic characteristics following dietary intervention

(A) A      .

(B  C) A  (B)    (C)     ,   DEXA .

(legend continued on next page)
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     2  

      1    ,

        

 1.8    .24 T,    

  UPF         -

      UPF   

  ,     -

 .

A     

       

  - ,    -

      ,  

(IFN)-γ  CRP    - 

IL-4 ,    . T ,

 --    

,      -

       

.30 H,,   ,   -

         

  . I  ,   ;

,         

. I      -

          

   ,    

. I,      

  51%    UPF (F S3D 

S3E),      

  1%    -  77%

(T S1). S       

     ,   

.31 I,       

   -    

    UPF    

    UPF.

(D  E) A  (D)    (E) LDL:HDL    .

(F) A       .

(G) A  C-   .

(H) A  TSH   .

(I  J) A    (I) GDF-15  (J)    .

B  IQR    ±1.5× IQR. D          . E   95% CI  -

                 p < 0.05.

Figure 3. Alteration of reproductive characteristics following dietary intervention

(A  B) A  (A)  FSH   (B)        .

(C  D) A  (C)      (D)      .

B  IQR    ±1.5 × IQR. D          . E   95% CI 

                 p < 0.05.

OPEN ACCESS Clinical and Translational Report

 C M 37, 1950–1960, O 7, 2025



Figure 4. Alteration of pollutants and inammatory markers following dietary interventions

(A) A       ,,           

 - . N-      ,          

  . A (*)    (p > 0.05)      (FDR) ; FDR   

      -   (FWER)   . C   , ,   .

(B–D) A      (B) IL-4, (C) MCP-1,  (D) CRP    ;     

 CRP.

(legend continued on next page)
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M       

        

 (T S3). T     

        

 . T,       

-       -

   UPF . N, 

cleaner      -

     -  

 ,        

MINP,       (DINP).

G      DINP  -

 ,32  ,33   ,34,35

     UPF    

       . I

, ,   MINP    

,   MINP     

    (F S2). Y   

PFHA,           -

-     ,  -

       T4 (F S2).

A      PFHA

 UPF         PFHA

    ,  ,36 

,37      

   .

I ,      

UPF ,     ,  

  . M    UPF  -

 -    

  ,      -

 .

Limitations of the study
A  -      

    ,  

   ,    . D

   ,        -

        -

   . A   

       

    ,      

      . T    

       UPF   

  . H,      

        

         --

         

         .

A          

  ,       

  ; 3-    

         

 . A  -   -

          UPF

         -

,       

      -

,        

    . A    

   - ,    

        -

    ,       

. R   -   -

  ,      3- -

    -

    >50%    UPF 

      .

RESOURCE AVAILABILITY

Lead contact

F         

    , R B  (@..).

Materials availability

T     ,  .

Data and code availability

A          D S1. T  

           

  .
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Á., C, S., P-G, A., M, C., M, J.M.,

M, M.M., M , M.,  . (2024). U-  -

       L-F . H. R.

O 2024, 001. ://./10.1093//001.

18. L, J.L., W, Q.J., W, X.B., D, Q., L, F.H., G, R.H., L, X., P,

B.C.,  Z, Y.H. (2022). I  -   -

 : A - - . F. N. 9,

941745. ://./10.3389/.2022.941745.

19. C, E., G, A., K, N.,  S, N.E. (1992).

E        50 . BMJ

305, 609–613. ://./10.1136/.305.6854.609.

20. L, H., Jø, N., M-A, A., M, J., W-

D, D., J, M., P, R.,  S, S.H. (2023). T 

  :    -   -

     20  21 . H. R.

U 29, 157–176. ://./10.1093//035.

21. E, G., A, N., RK, B., S, M.R., B,

A.R.,  H, A. (2015). D     -

:  - . F. S. 103, 190–198. ://.

/10.1016/..2014.10.010.

22. M, U., S, B.,  P, P. (2020). R    

 . C. O. U. 30, 296–301. ://./10.1097/MOU.

0000000000000745.

23. P, J.M., M, M.A., N, S.W.,  P, B.M. (2015). I  

          

   US ? A. J. C. N. 101, 1251–1262.

://./10.3945/.114.100925.

24. H, K.D., A, A., B, R., C, H., C, T., C, K.Y.,

C, S.T., C, E., C, A., D, V.,  . (2020). U--

       :   -

       . C M. 32, 690.

://./10.1016/..2020.08.014.

25. H, S., S, M., A, M., S, Y., S, R., U, S.,

K, N.,  Y, T. (2024). U-   

OPEN ACCESSClinical and Translational Report

C M 37, 1950–1960, O 7, 2025 



         -

: A , -,  . D O.

M. 26, 5431–5443. ://./10.1111/.15922.

26. Sæ, N.E., L-J, R., L, H., A, A.M.,

Jø, N., M, K.M., L, Ø., P, L., H, S.A.,

B̈, E.V.,  . (2022). E    

. N. R. E. 18, 139–157. ://./10.1038/

41574-021-00598-8.

27. L, G. (1995). M   . A. J. C.

N. 62, 1135S–1142S. ://./10.1093//62.5.1135S.

28. W, D., T, L.K., DO, G.J., F, S.M.,

B, B., D, L., K, R.E., A, E., H, S., R, I.

A.,  . (2023). GDF15       -

  . N 619, 143–150. ://./10.1038/41586-

023-06249-4.

29. W, M. (1958). C      . A. J.

C. N. 6, 542–546. ://./10.1093//6.5.542.

30. C́, K., V, N., P, C., C, C., P, V., C, C.A.,

S, A., R, S., B, A., Z, J.D.,  . (2004). W  -

 -        -

. FASEB J. 18, 1657–1669. ://./10.1096/.04-2204.

31. L, D.S., A, A., B, L.A., E, C.B., H, S.B.,

K, J.C., W, W.C. (2019). U-   : 

     . CM. 30, 3–4. ://.

/10.1016/..2019.06.004.

32. D, T., X, X., D, J.,  C, M. (2019). E  

         

 ACE/ AT1R     NO . T. L. 309,

42–50. ://./10.1016/..2019.03.011.

33. R, E.G., B, J.M., N, R.M.,  C, G.S. (2020).

P   : A   

-    . E. I. 137,

105408. ://./10.1016/..2019.105408.

34. W, S.J., K, L.H., T, G.W., F, J.J., N, A.I.,

H, S.B., N, M.J.,  MK, R.H. (2000). T-

     -    .

R. T. 14, 21–36. ://./10.1016/0890-6238(99)

00067-2.

35. Y, S., A, R.B.,  N, R.A. (2021). T    -

 DNP  . B. R. 104, 305–316. ://./10.

1093//201.

36. Z, L., W, Z., Y, R., C, W., Z, J., L, R., L, W., L, B.,

 L, J. (2023). T     PFAS  

     :  NHANES .

E. S. P. R. I. 30, 90949–90959. ://./10.1007/

11356-023-28739-8.

37. L, Z., L, C., W, Z., Y, H., Z, C., L, Y., T, L., L, Z., L, H., W,

Y.,  . (2021). P   L  

       . T

448, 152633. ://./10.1016/..2020.152633.

38. S, W.N. (1985). P   ,  

    . H. N. C. N. 39, 5–41.

39. R H (2024). R L. ://.

./.

40. S, K.S., K, S.E. (2002). P    US

 . J. E. CH 56, 813–817. ://./

10.1136/.56.11.813.

41. J, D.J., P, D.G., K, C.W., V, E., T, N.,

R, T.P., W, T.M., V, V., M, C.C., B, D.L.,

 . (1997). E      , ,    

. M 46, 530–537. ://./10.1016/0026-0495(97)

90190-6.

42. C, S., B, N., W, P.T., B, G.A., S, B., 

K, R.M. (2016). C   DASH (  

 )    - DASH    

   :    . A. J. C.

N. 103, 341–347. ://./10.3945/.115.123281.

OPEN ACCESS Clinical and Translational Report

 C M 37, 1950–1960, O 7, 2025



STAR★METHODS

KEY RESOURCES TABLE

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

T               CT.  

NCT05368194. T    DNA               

. O                 

      . T           C

R D (D VK RH)   : H-20061598. A  -

   .

T       ,   :, 20  35  , BMI  18.5

 30,     WHO  ,     , ,   .

E  :      ,   ,   ,    , 

(>14    /   ), / / ,    ,

 > 200       . A CONSORT         

     F S4.

Nutrition Intervention

T          3  . T    

         (F 1A). P-     

   Mydietpal     ,  -/       -

     . P      D S2. C      S-

 38   ,      ,        

   (EEE) (),  500 /   EEE (). U  -

    ,   . F     NOVA

  .7 O      -   >75%     NOVA 4  

     >75%     NOVA 1  NOVA 2  . T    

NOVA        , ,        :   un-

processed diet, 66%  (NOVA 1), 6%   (NOVA 2), 28%  (NOVA 3)  <1%  --

  (NOVA 4),   - , 5%NOVA 1, 6%NOVA 2, 11%NOVA 3  77% NOVA 4 (T S1).

P               

        . TNOVA          

      T S6.

T        22    (F 1A). T     12-

 . T    (1)    (2)    . W  ,   

     - ,     . G     

      ,        

,             BMI    .

P     ,    ,  - ,  - ,  

  . A  -  -   ,    , 

,  ,   -  (DXA) ,   ,  

       .

REAGENT  RESOURCE SOURCE IDENTIFIER

D 

D S1 – S D T  N/A

S  

S  S38 ://..//H

2014052110591581.

S : R  4.2.1 R C T ://.-./

O

NOVA    M  .7 ://./10.1017/

S1368980017000234
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METHOD DETAILS

Semen quality analysis
W 90    ,     . S      .

S H,        LH    (SQA)   

(LH. X1 P  L CS1 S T C). S        1000,

10 ,      -80◦C.

Peripheral blood processing

P       (BD ),  /F (B V CPT),  EDTA  (BD V-

 EDTA). S        EDTA     , 3000 RPM, 4◦C,
10 ,    -80◦C. C           R-

, C U H, C, D,       R L.39

H A1C (HA)      EDTA    S D C, C, H,

D. A         EDTA    ELISA- -

 .

Synthetic chemical analysis
A   , ,            -

   A M S  E M   L U. A     

   ,    . T  PFAS [P   (PFHA), P -

  (PDHS), P  (PFOA), P   (PFHS), P   (PFNA),

P   (PFOS)],  [(2--5-)  (5MEPP), (4--7--

) (MINP), 1,2- C A M 4-M-7-- E (MINCH)],  [4

  (HCT)  - (FS)],   [C (COT), O-

B-3 (BP3),  T (TCS)],    [E (E)    (PB)]. I -

,      (L),  (N),  (C),  (Z),  (S),  (M),  (A),  (S),

 (H),   (P)    ,     . O    

   8-O-7,8--2- (8--). T   -  G E

Q A S (G-EQUAS).

QUANTIFICATION AND STATISTICAL ANALYSIS

W                   -

  - .24,40–42 W              

           . S  -

     0.8,   -   15%,       0.05,   18   

  . T,      43 ,   21–22         

   .

S     R S (R  4.2.1 (2022-06-23)). F   ,  

               -  -

. M        ,     ,      

    . E              

  . W   , 95%   (CI)  B-H  P-. F-

  (FWER)        T 1,   FWER    

    ,  ,     .
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 C M 37, 1950–1960.1–2, O 7, 2025


